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ABSTRACT 
RIVER HERRING CONSERVATION IN FRESHWATER: INVESTIGATING 
FISH REPRODUCTIVE SUCCESS AND THE EDUCATIONAL VALUE OF 
CITIZEN MONITORING PROGRAMS 
SEPTEMBER 2016 
MEGHNA MARJADI, B.SC. MCGILL UNIVERSITY 
M.S., UNIVERSITY OF MASSACHUSETTS, AMHERST  
Directed by: Professors Allison H. Roy and Andrew Whiteley 
 
 
Over the last century anadromous alewife (Alosa psuedoharengus) and blueback 
herring (Alosa aestivalis), collectively called river herring, suffered drastic declines 
throughout their range from Newfoundland (Canada) to North Carolina (USA). A 2011 
petition to include river herring in the Endangered Species Act (ESA) was rejected, partly 
due to inadequate information towards identifying coast-wide population status. 
Additionally, knowledge gaps were identified with basic ecology of the river herring life 
cycle in freshwater, including species reproductive strategies. In Chapter 2, I investigated 
how body size, spawning arrival time, and sex influence river herring reproductive 
success. I collaborated with the Massachusetts Division of Marine Fisheries to introduce 
adult river herring (421, 266, and 410 individuals in 2013, 2014, and 2015, respectively) 
into Pentucket Pond (Massachusetts, USA), which historically had river herring but is 
currently inaccessible to upstream migrants. Using fin clips from stocked adult fish and 
juveniles collected in the lake each summer, I genotyped individuals and constructed 
vii 
pedigrees with 15 microsatellites. River herring had small (mean =1.1) families and 
spawned multiple times with multiple mates from May to June. Females were more 
successful than males. Earlier arrival and larger body size were independent indicators of 
reproductive success. These results provide critical river herring life history information 
for the freshwater component of population models that will inform management of this 
at-risk species.  
Presently, most river herring populations are monitored using data from citizen 
counts of spawning adults entering freshwater. Involving citizen watershed groups in data 
collection and may provide ancillary benefits beyond collection of population-level count 
data. In Chapter 3, I used pre-and post-surveys to assess how involvement in one citizen 
monitoring program influenced participants’ environmental knowledge, attitudes, and 
behaviors. Participants began the program with high scores for broader scientific and pro-
environmental attitudes and pro-environmental behaviors. After the program, participants 
reported increased connection to nature, citizen science involvement, river herring 
knowledge, and engagement in outdoor recreation. For participants, engagement with 
nature was the most important program benefit. These results provide an additional case 
study to the citizen science literature and demonstrate that citizen science programs can 
help participants connect with the environment.  
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CHAPTER 1 
INTRODUCTION 
 
River herring, which refers to alewife (Alosa psuedoharengus) and blueback 
herring (Alosa aestivalis), are ecologically and economically important anadromous fish 
species. During their annual migrations, juvenile and adult river herring serve as a food 
source to predators, including birds and commercially and recreationally important fish 
species (Loesch 1987a, Post et al. 2008, Dalton et al. 2009, McDermott et al. 2015) and 
transport nutrients from marine to freshwater systems (Durbin et al. 1979, Walters et al. 
2009). River herring also have a rich cultural importance in New England. Historically, 
they were an important and abundant food source and were commercially harvested for 
human consumption, bait, fish meal, and pet food (Loesch 1987b). Many communities, 
celebrate the annual herring migration in spring (Limburg and Waldman 2009).  
River herring are native to the Atlantic Coast of North America and the two 
species occur in sympatry north of North Carolina. Blueback herring range from the St. 
John’s River in Florida (USA) to Cape Breton, Nova Scotia (Canada), whereas alewife 
are found from North Carolina (USA) to Newfoundland (Canada) (Neves 1981, ASMFC 
2012). River herring are iteroparous anadromous fish that spawn in freshwater (Loesch 
1987a, ASMFC 2012). Alewife travel upstream to spawn between March and May and 
blueback herring about one month later (Neves 1981, Loesch 1987a), although spawning 
is known to overlap. In their allopatric range, blueback herring spawn in ponds, lakes, 
rivers, and streams (Loesch 1987a). In their sympatric range, alewife usually spawn in 
ponds and lakes, while blueback herring are more likely to spawn in rivers and streams 
 2 
(Loesch 1987b). Juvenile river herring feed on plankton in freshwater throughout the 
summer and then emigrate to the ocean from mid-summer to late fall (Kosa and Mather 
2001). Juveniles remain in the ocean until they mature at 3-4 years of age (Fay et al. 
1983, Mullen et al. 1986, Loesch 1987a). Upon reaching maturity at around age four, 
river herring return to spawn in their natal freshwater spawning grounds (Gahagan et al. 
2012, Turner et al. 2015).  
River herring populations have experienced order of magnitude declines 
attributed to inadequate fish passage at dams, overfishing, habitat degradation, bycatch in 
the Atlantic herring fishery, and climate change (Limburg and Waldman 2009, ASMFC 
2012, Hall et al. 2012, Hasselman et al. 2016). Since as early as the 1600’s, dam 
construction has blocked river herring and other anadromous fish species from their natal 
spawning sites (Hall et al. 2011). Continued and rampant dam construction exacerbated 
declines by blocking access to spawning habitat and resulting in population declines, 
which have made river herring vulnerable to overharvest and other impacts including 
climate change and predation mortality (Hall et al. 2011). Reduced water and habitat 
quality that often accompanied dam construction and watershed modification also 
contributed to population declines (Limburg and Waldman 2009). Under the conditions 
resulting from damming and lost freshwater productivity, river herring are susceptible to 
additional contemporary threats: bycatch in the New England Atlantic herring fishery 
(Hasselman et al. 2016), climate fluctuations altering their spawning migrations or habitat 
suitability (Ellis and Vokoun 2009, Nye et al. 2012, Lynch et al. 2015), and fisheries 
induced changes in demography—specifically reduced size and age of sexual maturity 
(Davis and Schultz 2009). 
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River herring commercial landings began declining precipitously in 1970 and by 
some estimates have declined by 99% (Limburg and Waldman 2009, ASMFC 2012). 
Population declines prompted listing of alewife and blueback herring as Species of 
Concern by the National Marine Fisheries Service (NMFS) and restrictions on directed 
harvest in Massachusetts, Rhode Island, Connecticut, and North Carolina (NOAA 2007). 
In 2011, there was a petition for the inclusion of river herring in the Endangered Species 
Act (ESA) (NRDC 2011 ). The petition for ESA listing was not accepted, due in part to 
inadequate data on factors influencing population declines and the freshwater portion of 
the river herring life cycle, including reproductive strategies. However the effort did spur 
additional research and mitigation efforts including bycatch reduction and river 
restoration initiatives. Recent research has assessed factors influencing alewife 
population declines and generally supports previous assertions about the negative impacts 
of bycatch (Hasselman et al. 2016), and migration barriers (Limburg and Waldman 2009, 
Hall et al. 2012) on river herring populations, but ultimately there are limitations imposed 
by not understanding the production of young and thus how many fish are available 
before these impacts. Without this it is not possible to rule out factors related to 
population decline that are originating in freshwater.  
Some aspects of river herring population dynamics and structure (Messieh 1977), 
fecundity (Kissil 1970, Kissil 1974, Huber 1978, Jessop 1993, Ganias et al. 2015), 
genetic structure (McBride et al. 2014b, Palkovacs et al. 2014, McBride et al. 2015, 
Hasselman et al. 2016), and trophic interactions (Post et al. 2008, Walters et al. 2009, 
West et al. 2010, McDermott et al. 2015) have been explored. However, few studies have 
considered factors associated with reproductive success in river herring. River herring 
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populations are assessed by using the number of adults entering a system to make 
predictions about system productivity. Lacking information about reproductive patterns 
may lead to inaccurate productivity predictions. For example, there is little information 
about how juvenile growth rates and densities vary during the summer and how run size, 
number of adults migrating to spawn in one season, relates to productivity. Rosset (2016) 
found extensive variation in growth rates across different lakes and evaluated 
relationships between abiotic factors and growth rates. However, an understanding of the 
relationship between run size, spawning, arrival time, demographic (sex, size, species) 
composition and resulting juvenile productivity requires further exploration of river 
herring reproductive biology and mating behavior. New evidence that adults spend 
extended periods of time in their spawning grounds after migration (Rosset 2016) and 
that they may be asynchronous rather than synchronous spawners (Ganias et al. 2015), 
suggests that adults may mate multiple times during one spawning season. However, 
there is little information about river herring mating behavior, including number and 
timing of mating events. Additionally, there is no information about which factors 
influence adult reproductive success.  
The second chapter of my thesis fills these gaps by investigating how adult size, 
spawning arrival time, and species (i.e., alewife, blueback herring, or hybrid) influence 
reproductive success for river herring. I addressed these questions by introducing river 
herring to Pentucket Pond (Georgetown, MA, USA), a pond that was historically a river 
herring spawning ground, but is presently inaccessible to river herring due to migration 
barriers. Fish were introduced over three years (2013-2015) in collaboration with the 
Massachusetts Division of Marine Fisheries (MDMF). Genetic material and demographic 
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information (sex and length) were collected for all adults entering the closed system and 
all juveniles captured in the pond later in the season. Genotypes were used to construct 
pedigrees and assign offspring to adults. I genotyped samples for 15 microsatellites and 
constructed pedigrees to assign offspring to adults. Using assignment data from the 
pedigrees and collected demographic data, I assessed factors influencing reproductive 
success. Filling gaps in our understanding of river herring mating behavior and 
reproductive success will allow for development of models that will produce better 
estimations of productivity based on the demographic composition of migrating adult 
composition   
In the northeastern US, scientists and managers rely on citizen run visual counts 
of migrating adult river herring to estimate annual migration numbers, compare river 
herring populations across the region, and evaluate how populations change over time. In 
most programs, volunteers commit to counting fish as they migrate upstream during a 
weekly ten minute time slot. Citizen count programs are managed by local non-profits 
and watershed organizations. Massachusetts relies heavily on citizen counts to estimate 
river herring populations. In 2012, 17 of the 27 rivers monitored for river herring were 
managed by citizen groups and the remaining sites were monitored by electronic counters 
(7), fish lifts or traps (2), and video cameras (1) (Sheppard 2013). Some citizen 
monitoring programs have been operating since the early 2000’s and therefore may 
provide longer term data sets than electronic counters, which were installed later in the 
decade and in fewer locations (Nelson et al. 2011). Data from these population estimates, 
along with other biological information collected by MDMF are integral to statewide 
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management of river herring populations (Nelson et al. 2011, Tyack 2012) and research 
of river herring ecology and biology (Rosset 2016). 
In addition to providing valuable data, citizen science programs have the potential 
educate participants, promote scientific and environmental literacy, and inspire pro-
environmental behavior (Bonney et al. 2009a, Jordan et al. 2011, Phillips et al. 2012, 
Bonney et al. 2014). However, the educational and social impacts of citizen science 
programs have not been widely evaluated (Bonney et al. 2016). For the third chapter of 
my thesis, I evaluated the educational value of a citizen science river herring counting 
program. Specifically, I conducted a pre- and post-survey of participants in the Mystic 
River Watershed Association’s (MyRWA) Herring Monitoring Program to assess 
changes in participant attitudes and behaviors before and after the program. The goals of 
the study were to investigate how involvement in the program influenced participant (a) 
connection and involvement in science, (b) understanding of river herring ecology, (c) 
feelings of connection to nature, and (d) intentions toward pro-environmental behaviors. 
Results from this study will provide monitoring program managers with more 
information about their educational impact and will add to the general citizen science 
literature.  
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CHAPTER 2 
EVALUATING REPRODUCTIVE STRATEGIES IN RIVER HERRING IN 
RELATION TO MIGRATION TIMING AND BODY SIZE 
2.1 Introduction 
Selection favors organisms with higher fitness, defined as individual variation in 
survival and lifetime reproductive success. Reproductive success can vary among 
individuals based on heritable differences age, size, physiological performance, and 
environmental conditions (Stearns 1992). In anadromous fishes, reproductive success has 
been associated with migration timing, body size, age, and number of spawning events 
per season (Trippel et al. 1997, Lowerre-Barbieri et al. 1998, Lowerre-Barbieri 2009). 
While many factors could modify reproductive output, examining characteristics that 
influence individual variation in reproductive success contributes to understanding of 
early selective pressures and life history theory (Stearns 1992), that are the foundation of 
future populations. 
Exploring relationships between body size and reproductive success is of special 
concern due to the worldwide loss of old and large fish due to exploitation, which will 
likely alter species reproductive patterns and population dynamics  (Leaman 1991, 
Trippel et al. 1997). Body length has been correlated with greater fecundity and larger 
egg size in many fish species, including salmonids (Fleming 1996), haddock, 
(Melanogrammus aeglefinus) (Hislop 1988), winter flounder (Pseudopleuronectes 
americanus) (Buckley et al. 1991), Atlantic herring (Clupea harengus) (Hempel and 
Blaxter 1967), striped bass (Morone saxatilis), and turbot (Scophthalmus maximus), and 
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Atlantic cod (Gadus morhua) (Reviewed by Trippel et al. 1997). Not only does fecundity 
scale with larger female body size, but maternal size is positively correlated with egg size 
and hatching success in some species (Solemdal et al. 1995, Trippel et al. 1997, Palumbi 
2004). For males, relationships between body size and reproductive success are limited 
and most work has been done in salmonids, where larger individuals have an advantage 
in nest guarding and mate selection (Fleming 1996, Trippel et al. 1997). Understanding 
connections between body size and reproductive success in males and females at a 
species-specific level is critical for predicting productivity of populations under 
exploitation.  
For anadromous fishes, spawning time is also an important factor related to 
reproductive success. Implications of timing of adult fish arrival into freshwater systems 
for spawning have been well explored in salmonids. Early arriving salmonids may be 
more successful because they are more likely to be larger and live longer (Trippel et al. 
1997, Smoker et al. 2000) and therefore are able to choose the best nests, spend more 
time nest guarding, and have more mating events (McPhee and Quinn 1998, Dickerson et 
al. 2002, Hruska et al. 2011). However, early arrival in salmonids also carries the risk of 
nest destruction and redd superimposition (construction of a new nest on top of an 
existing one) by females arriving later (Hendry et al. 2004, Quinn 2011). Early arrivers 
also may be more susceptible to bear predation (Fleming 1996, Dickerson et al. 2005). 
Despite these risks, earlier spawning is correlated with increased reproductive success in 
some hatchery-raised and wild salmonids, most likely because of the opportunity for 
multiple mating events and better nest selection (Dickerson et al. 2002, Dickerson et al. 
2005, Abadia-Cardoso et al. 2013).  
 9 
The timing of anadromous fish migrations is primarily driven by water 
temperature, which will be impacted by predicted changes in climate. Climate change has 
been associated with streams reaching ideal migration temperatures earlier in the season. 
These temperature changes have been associated with earlier migration timing in 
anadromous fish (Planque et al. 2010, Nye et al. 2012, Lynch et al. 2015), such as 
Chinook salmon (Oncorhynchus tshawytscha) and pink salmon (O. gorbuscha) (Kovach 
et al. 2012). If earlier spawning plays a major role in reproductive success, further shifts 
in migration timing may contribute to changes in reproductive patterns and ultimately 
alter population demographics and productivity. While links between climate change and 
migration timing have been studied to some extent in salmonids (Hoffnagle et al. 2008, 
Kovach et al. 2012, Abadia-Cardoso et al. 2013), they have not been well studied in other 
taxa or in relation to reproductive success.  
My research considers how time of entry to freshwater and body size influence 
reproductive success in alewife (Alosa psuedoharengus) and blueback herring (Alosa 
aestivalis), two anadromous fish species native to the Atlantic coast of North America 
that occur in sympatry north of North Carolina. These species, collectively referred to as 
river herring, are iteroparous fish that live in the ocean and spawn in freshwater in the 
spring (Loesch 1987a, ASMFC 2012). Spawning periods of these species overlap for 2-3 
weeks, with alewife travelling upstream to spawn between March and May and blueback 
herring entering freshwater about one month later (Neves 1981, Loesch 1987a). Within 
their sympatric range, blueback herring spawn more frequently in rivers and streams 
while alewife tend to spawn in ponds and lakes (Loesch 1987b). However, blueback 
herring also spawn in ponds and lakes in their allopatric range (Loesch 1987a). After 
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feeding on plankton in freshwater during the summer, juvenile river herring emigrate to 
the ocean from mid-summer to late fall (Kosa and Mather 2001), and remain in the ocean 
until they maturity mature at 3-4 years of age (Fay et al. 1983, Mullen et al. 1986, Loesch 
1987a) and return to their natal freshwater habitats to spawn (Gahagan et al. 2012, Turner 
et al. 2015). During their annual migrations, juvenile and adult river herring serve as a 
food source to predators, including birds and commercially and recreationally important 
fish species (Loesch 1987a, Post et al. 2008, Dalton et al. 2009, McDermott et al. 2015) 
and transport nutrients from marine to freshwater systems (Durbin et al. 1979, Walters et 
al. 2009). Due to the spatiotemporal overlaps in their spawning grounds, blueback herring 
and alewife are vulnerable to hybridization. Strong genetic differentiation (e.g., St John 
alewife-blueback F’st = 0.850)  between the two species should suggest low rates of 
hybridization (McBride et al. 2014b). However, blueback herring and alewife hybrids 
have been documented in anadromous (McBride et al. 2014b) and landlocked populations 
(Hasselman et al. 2014). 
Over the last centuries river herring populations have experienced declines; 
commercial landings of river herring began declining in 1970 and by some estimates 
have declined by 99% since then (Limburg and Waldman 2009, ASMFC 2012). 
Population declines have been attributed to inadequate fish passage at dams, overfishing, 
habitat degradation, bycatch in the Atlantic herring fishery, and climate change (Limburg 
and Waldman 2009, ASMFC 2012, Hall et al. 2012, Hasselman et al. 2016). Dam 
construction began blocking river herring and other anadromous fish from their spawning 
sites as early as the 1600’s (Hall et al. 2011). By blocking access to spawning habitat, 
prevalent dam construction exacerbated population declines, which made river herring 
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more vulnerable to overharvest, climate change, and predation mortality (Hall et al. 
2011). Presently river herring are face additional contemporary threats: bycatch in the 
New England Atlantic herring fishery (Hasselman et al. 2016), climate fluctuations 
altering their of spawning migrations or habitat suitability (Ellis and Vokoun 2009, Nye 
et al. 2012, Lynch et al. 2015), and fisheries induced changes in demography—
specifically reduced size and age of sexual maturity (Davis and Schultz 2009). Population 
declines prompted listing of alewife and blueback herring as Species of Concern by the 
National Marine Fisheries Service (NMFS) and restrictions on directed harvest in 
Massachusetts, Rhode Island, Connecticut, and North Carolina (NOAA 2007). In 2011, a 
petition for the inclusion of river herring in the Endangered Species Act (ESA) (NRDC 
2011 ) was rejected, partly due to inadequate data on factors influencing population 
declines and the freshwater portion of the river herring life cycle. Attention from this 
effort prompted additional river herring research and mitigation efforts, including bycatch 
reduction and river restoration initiatives. Recent research has assessed factors 
influencing alewife population declines and generally supports previous assertions about 
the negative impacts of bycatch (Hasselman et al. 2016) and migration barriers (Limburg 
and Waldman 2009, Hall et al. 2012) on river herring populations. Limited information 
about production of young in river herring makes it difficult to assess river herring 
populations based on incoming spawning migrations, which makes it difficult to assess 
the number of fish in the system. Little is known about the time that alewife spend in 
freshwater, specifically reproductive strategies and timing of reproduction.   
Some aspects of river herring reproductive biology have been explored, including 
population dynamics and structure (Messieh 1977), fecundity (Kissil 1970, Kissil 1974, 
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Huber 1978, Jessop 1993, Ganias et al. 2015), genetic structure (McBride et al. 2014b, 
Palkovacs et al. 2014, McBride et al. 2015, Hasselman et al. 2016), and trophic 
interactions (Post et al. 2008, Walters et al. 2009, West et al. 2010, McDermott et al. 
2015). However, relationships between adult demographics, including size, age, and 
migration timing and freshwater productivity require further investigation.  
There are research gaps and inconsistencies in the literature about river herring 
reproductive success and juvenile productivity. Very little is known about river herring 
reproductive output and the little information present is limited to females and alewife. 
There are reports that 93% of female alewife leaving a spawning ground spawned 
successfully (Cole et al. 1980) and 6.6% produced eggs that resulted in 1.5 to 3 
emigrating  juveniles (Huber 1978). The difference between spawning success and the 
number of emigrating juveniles may be due to the low survival estimates for alewife 
young-of year (YOY), which range from 0.0001% (Kissil 1974)  to 1.0 % (Havey 1973) 
during the first few months. Both Huber (1978) and Cole et al. (1980) assumed 
determinate spawning in alewife and evaluated spawning success using egg retention 
(i.e., the number of eggs retained by each female upon emigration) as a measure of 
whether or not a female had spawned. Huber (1978) calculated success based on the 
number of females entering the study system, the number of females that retained eggs 
when exiting the system and the number of juveniles exiting, and therefore did not 
account for variation in female reproductive success related to length or arrival time. 
However, recent studies suggest that alewives are indeterminate spawners (i.e., they 
develop multiple batches of eggs during a spawning season) (Hyle et al. 2014, Ganias et 
al. 2015) rather than determinate spawners (i.e., they develop only one batch of eggs per 
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spawning season) as previously thought  (Huber 1978, Jessop 1993, Lake and Schmidt 
1997). Given this new information, previous estimates of fecundity and reproductive 
success based on egg retention are no longer relevant as females could have developed 
additional batches of eggs during the season (Ganias et al. 2015).  
 There is also inconsistency in the literature with regard to how long adults remain 
in spawning grounds to mate. A delay between adult arrival and spawning was recently 
revealed through analyses of juvenile otoliths in comparison to recorded adult arrival 
times (Rosset 2016),which is in accordance new evidence that alewife are indeterminate 
asynchronous spawners (Hyle et al. 2014, Ganias et al. 2015) and likely remain in 
spawning grounds to mate multiple times. However, these new findings are inconsistent 
with previous reports that river herring leave spawning grounds almost immediately after 
initial spawning (Fay et al. 1983, Klauda et al. 1991, ASMFC 2012). None of the 
mentioned studies address reproductive success in males, variation in success among 
individuals, or number and timing of mating events per individual. Estimates of system 
productivity that do not account for variation in reproductive success may be unreliable 
since it is not guaranteed that all fish leaving spawning grounds have successfully 
reproduced.  
More accurate predictions of alewife productivity in freshwater require better 
understanding of the phenotypic factors leading to reproductive success so that 
population demographics, like sex ratio, body size distributions, and run timing,  can be 
more accurately translated into productivity estimates. Investigating demographic 
implications for reproductive success is timely as there is evidence for changes in alewife 
demography over the past century in some populations. For example in Bride Brook, 
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Connecticut migrating alewife are reaching sexual maturity at younger ages and smaller 
sizes (Davis and Schultz 2009). It is unclear how these changes in demography and 
population declines are related, which makes research to understand relationships 
between river herring demographics and reproductive success even more pressing.  
My study addresses some knowledge gaps in of anadromous alewife life history 
by evaluating how body length and spawning arrival time influences reproductive 
success. From 2013 to 2015, I used a unique stocking system, which allowed me to 
manipulate spawning entry and collect genetic information for all potential parents, to 
adult river herring to a historical river herring spawning pond that is currently 
inaccessible to upstream migrants due to damming. Downstream migrants were able to 
leave the pond. A few months after stocking adults, juveniles were sampled once each 
month during the summer. I used genotypic information from adult and juvenile river 
herring to construct pedigrees and assign individual reproductive success. My specific 
research questions and hypotheses were:  
Question 1: How do spawning arrival date, adult size, sex, and species (i.e., 
alewife, blueback, or hybrid) influence reproductive success of river herring in lakes? 
Question 2: Do fish spawn with individuals arriving on different dates and at 
different times during their stay in spawning grounds?  
Understanding how migration timing, spawning duration, and body size influence 
reproductive success will help in development of more robust stock recruitment models. 
This will allow managers to design new management and stocking policies and assess 
how trends toward smaller body size and earlier migration may influence river herring 
populations. 
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2.2 Methods  
2.2.1 Study Site 
This project was conducted in Pentucket Pond, located in Georgetown, 
Massachusetts, and is in the Parker River watershed. Anthropogenic barriers currently 
prevent adult alewives in the Parker River from entering the pond; however, they are 
capable of outward migration after spawning. Pentucket Pond is 0.35 km2 (86 acres) in 
area, and has a maximum depth of 7.9 m and an average depth of 4.6 m. It is located in a 
suburban area and is used for recreational fishing and swimming.  
2.2.2 Adult Fish Translocation and Sampling 
With assistance from Massachusetts Division of Marine Fisheries (MDMF), adult 
river herring were added into Pentucket Pond as they migrated upstream in the Parker 
River between April and May of 2013, 2014, and 2015. Stocking dates reflected run 
timing; translocations occurred earlier in the spring to target alewives only, and 
availability of MDMF staff. While stocking methods aimed to transport only alewife to 
Pentucket Pond, blueback and alewife herring are difficult to distinguish without lethally 
sampling to observe peritoneal coloration. Thus, some blueback herring and hybrids were 
added inadvertently and are included in the following overall counts. In 2013, 421 adult 
alewives were transported in four events (4/19: n=200, 5/3: n=16, 5/8 n=133, 5/10 n=72).  
In 2014, 266 adult alewives were transported in four events (4/24: n=78, 5/5: n=100, 
5/12: n=76, 5/19: n=12). In 2015, 409 adult fish were stocked in three events (4/29: 
n=144, 4/30: n=57, 5/6: n=208). Sex and length were recorded and fin clips were 
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collected for genetic analyses from all transplanted fish. Fin clips were preserved in 
Whatman paper and dried overnight in a drying oven.  
2.2.3 Juvenile Fish Sampling  
Young-of-year (YOY) river herring were sampled between May and August each 
year. In 2013, YOY were sampled using a boat electrofisher. In 2014 and 2015, a pelagic 
purse seine (30.5 m x 4.3 m, 2.22-mm mesh) was deployed from a boat using an electric 
motor in 3 to 5 random locations per sampling night. In 2014, YOY were sampled for one 
night per month in June, July, and August. In 2015, YOY were sampled in June (2 
nights), July (1 night), August (2 nights), and October (1 night). Random locations were 
selected by dividing the lake into a numbered 50-m grid and using a random number 
generator to select three primary and three alternate grid number locations. Alternate 
locations were used when a primary location was unsuitable for safe deployment due to 
shallowness or other obstacles (e.g., excess vegetation). In 2015, YOY were sampled on 
August 11th and October 3rd using two pelagic 4-panel multi-mesh experimental gill nets 
(75 m x 3 m) that were randomly set in two areas located at least 200m from shoreline. 
On both dates nets were set at dusk and retrieved at dawn. On October 3rd, two YOY 
were collected from pelagic gill nets that were set at 15:30 and retrieved at 17:30. 
Collected YOY were counted, measured to the nearest millimeter, and preserved in 95% 
ethanol or frozen for genetic processing. All work was completed in accordance with 
UMass IACUC 2013-0047.  
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2.2.4 Genetic Processing 
Genetic work was completed at the UMass Amherst Conservation Genetics 
Laboratory. For YOY preserved in ethanol and adult samples preserved in Whatman 
paper, DNA was extracted from fin clips. For frozen YOY, DNA was extracted from 
livers, which were removed from each sample using equipment sterilized in bleach 
between samples. I amplified 16 published microsatellite markers (Aa046, Aa070, Aa074, 
Aa081, Aa082, Aa082.New, Aa091, Aa093, Aa010, Ap033, Ap037, Ap038, Ap047, Ap058, 
Ap070, Ap071 (Palkovacs et al. 2008, A’Hara et al. 2012)), using four multiplex 
polymerase chain reactions (PCRs), which were run in Eppendorf thermocyclers. PCRs 
were conducted following methods outlined by Palkovacs et al. (2008) and A’Hara et al. 
(2012) and contained 5 µL of Qiagen Multiplex Buffer (Qiagen, Inc.), 1 µL of primer 
mix, 2 µL of RNAse-free water, and 2 µL of DNA. PCR fragment size was determined 
using an Applied Biosystems 3130xl capillary sequencer. Individual were scored based 
on a ROX 500 size standard using Geneious version 7.0.6 (Kearse et al. 2012).  
2.2.5 Data Analysis  
I used GENEPOP v. 4.2 with default parameters to test adult genotypes  for 
departures form Hardy-Weinberg (HW) proportions and presence of null alleles (Rousset 
2008). Loci with putative null alleles were rescored after initial HW testing. I used 
MICROCHECKER v.2.2.3 to test for null alleles and found no evidence for them in 
problematic loci (Van Oosterhout et al. 2004). After initial HW testing, I identified 
potential blueback and hybrid individuals using STRUCTURE v.2.3.2.1 (Pritchard et al. 
2000, Falush et al. 2003) and removed those individuals from HW analysis. I also 
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grouped alewife in each year by transfer date and assessed differences in departures from 
HW based on introduction dates.  
To further assess prevalence of hybrids, I used NEWHYBRIDS v.1.1 Beta 3 
(Anderson and Thompson 2002) with 100,000 burn in, 250,000 iterations, a Jeffrey’s 
prior, and an additional prior based on genetic information from bycatch identified by 
peritoneal coloration (5 blueback herring and 9 alewife). Individuals with more than 70% 
posterior probability of assignment as alewife, blueback, F1, or F2 were assigned to the 
relevant categories. Because the number of F1 and F2 assigned individuals was small, F1, 
F2, and unassigned individuals (those with less than 70% posterior probability in either 
F1 or F2) were combined into a hybrid classification for analyses. 
Reproductive success was assessed using parentage assignments based on 
pedigree analyses. The number of offspring assigned to each individual was used as an 
indicator of reproductive success. I used likelihood-based pedigree models to assign 
offspring to potential parents. I used simulations based on empirical genotypic data from 
2013 to assess accuracy of three pedigree programs PAPA v. 2.0 (Duchesne et al. 2002), 
CERVUS v. 3.0 (Kalinowski et al. 2015), and WHICHPARENTS (Hedgecock and 
Eichert 1999). I used PEDAGOG (Coombs et al. 2010a) to simulate a population of 
alewife parents and offspring with a known pedigree, generated pedigrees using each of 
the three programs, and compared generated pedigrees to the true known pedigree using 
PedAgree (Coombs et al. 2010b). PEDAGOG simulates population genotypes based on 
empirical genotype data while taking life history traits and sampling probabilities into 
account. I included mating structure, fecundity, and capture probability in the 
simulations. Given that alewife are batch spawners, simulations assumed polygamous 
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mating. I used body length distributions from 2013 to assign length for simulated 
individuals. I estimated fecundity based on an established body length and fecundity 
relationship for alewife (Lake and Schmidt 1997). Mortality rate and capture probability 
were set to reflect existing literature on juvenile mortality and our sampling methods 
(Walsh et al. 2005).  
Populations were simulated for six generations with the fourth and sixth 
generation sampled as adults and offspring, respectively. To reflect our sampling 
methods, all adult genotypes were sampled and 0.01 of offspring genotypes were 
sampled. The simulation was replicated ten times to produce ten sets of adults (n = 350 – 
600) and sampled offspring (n = 1500 – 2500) with known pedigrees. I used three 
commonly-used likelihood-based parentage packages: PAPA v. 2.0 (Duchesne et al. 
2002), CERVUS v. 3.0 (Kalinowski et al. 2015), and WHICHPARENTS (Hedgecock 
and Eichert 1999), to assign simulated offspring to simulated adults for each of the ten 
replications. In PAPA I selected ran the allocation analysis under the “sexed” option with 
all other settings as default. In WhichParents, I completed parentage analysis using parent 
and offspring information, excluded mating history information, and used 0 for ‘# of 
allowed misses’ and left all other settings as default. For CERVUS, selected parentage 
analysis with parent pair (sexes known) and asked for a report of the most-likely parent.  
I used generalized linear models with zero inflated negative binomial distributions 
to assess the relationships between four predictor variables (arrival date, length, sex, and 
species) and two different response variables (number of offspring per individual and 
number of mates per individual). Sampling year was included as a fixed effect for the 
models. I fitted these models using the R package pscl v. 1.4.9 (Zeileis et al. 2008, 
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Jackman 2015). I used log likelihood and AIC values to select the best fitting model for 
each response variable. All statistical analyses were conducted using R (R Development 
Core Team 2014). 
2.3 Results   
2.3.1 Adult stocking  
Genetic and length information were collected for 1,202 YOY (2013: n=117, 
2014: n= 242, and 2015: n=843) (Table 2.1) and 1095 adults (2013: n = 423, 2014: 
n=266, 2015: n=423). For all adults in all years, length ranged from 233 mm to 336 mm. 
Mean length for all arrival dates was 275.4 in 2013, 274.9 in 2014, and 273.9 in 2015 and 
did not differ significantly between years (One-way ANOVA, F=2.127, P=0.145). On 
average, female length (mean = 283.4 mm) was greater than male length (mean = 271.3 
mm) (Two-way ANOVA, F=169.29, P <0.001), regardless of year (F=0.038, P=0.1400). 
In all three years, maximum length was highest earlier in the season and later arrival date 
had a mild negative correlation with total length (r = -0.31, P <0.00, Table 2.2).  
Although our study design aimed to focus on alewife, we inadvertently introduced 
adult hybrid and blueback herring since the species are very difficult to tell apart 
morphometrically. Based on output from NEWHYBRIDS, we stocked 31 hybrid and 39 
blueback herring adults across all three years (Table 2.3). The majority (30, 77%) of 
blueback herring were stocked in 2014. As noted above, I pooled F1, F2, and unassigned 
individuals as “hybrids” for analyses.  
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2.3.2 Hardy-Weinberg results 
When putative hybrids and blueback herring were removed from analyses there 
were seven HW departures over all three years when corrected for multiple comparisons 
(P > 0.05; sequential Bonferroni correction for 16 comparisons in 2013 and 15 
comparisons in 2014 and 2015) (Tables A.1 – A.3, Appendix A). Two loci were removed 
from analyses: Aa082 was removed from analyses for all three years as it consistently 
departed from HW proportions and was unreliable in other studies (McBride et al. 2014a, 
Palkovacs et al. 2014). Aa070 was removed from analyses in 2015 because of scoring 
uncertainty and associated departure from HW proportions. Additionally, we chose to 
retain loci that did not conform to HW proportions in a limited number of year and 
transfer date combinations. Specifically, we retained Aa039 in 2013, Aa046 and Aa039 in 
2014, and Aa091, Ap071, and Aa039 in 2015 because when populations were separated 
by transfer date these loci were either no longer problematic or only problematic for one 
transfer date—usually the last transfer date. Given that blueback herring and alewife are 
most likely to overlap in migration later in the season and HW departures were most 
common for later transfer dates, it is also plausible that the remaining HW issues may be 
due to incomplete removal of individuals with blueback alleles. We also tested all loci 
and found no evidence for null alleles based on MICROCHECKER analyses. Thus, 
parentage analyses for 2013 and 2014 were run with 15 microsatellites and analyses for 
2015 were run with 14 microsatellites. Since the YOY samples could have significant 
family structure, it is not expected that they would conform to HW proportions, so they 
were not considered.  
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2.3.3 Simulation results 
 Based on the comparison of true and generated pedigrees, on average 88% of 
CERVUS assignments, 81 % of PAPA assignments, and 75% of WHICHPARENTS 
assignments were correct. I used CERVUS to assign pedigrees for each of the three years 
of data because of the higher assignment accuracy.  
2.3.4 Offspring assignment rates and family sizes  
All YOY were assigned to parents in each year. The proportion of adults assigned 
at least one offspring (hereafter, “assigned parents”) varied across years, from 36% in 
2013 (153 of 423 adults) in to 84% in 2015 (343 of 410 adults) (Table 2.4 and Figure 
2.1). The mean number of offspring assigned to each assigned parent also varied across 
years from 1.5 in 2013 to 5.0 in 2015 (Table 2.5). Females were more likely to be 
assigned offspring and mates.  
Small families with many half-sibling relationships were prevalent in all three 
years. Full-sibling family size tended to be small and mean family size remained 
relatively constant across all three years ranging from 1.0 in 2013 to 1.2 in 2015. Here, a 
full-sibling family is defined as siblings that all share the same mother and father. 
Individual YOY were commonly the only individuals in their full-sib family, given there 
were almost as many unique families as YOY. In 2013 there were 117 YOY and 114 
unique families, in 2014 there were 266 YOY and 224 unique families, and in 2015 there 
were 846 YOY and 713 unique families Assigned parents tended to have more than one 
mate and thus more than one full-sibling family (Table 2.4). The number of full-sibling 
families per assigned parent also varied across years with fewer mean number of unique 
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mates in 2013 (1.5) compared to 2014 (2.5) and 2015 (4.2) (Table 2.6). The tendency 
toward small families is further reflected by the strong correlation between the number of 
full-sibling families assigned and the number offspring assigned to each assigned parent 
(n=675, r=0.97). If there was a tendency for larger families, this correlation would not be 
as strong. As with offspring assignment, females were assigned more unique full-sibling 
families than males in all three years (Table 2.6). 
2.3.5 Number of mates and spawning timing 
In addition to having multiple mates, individuals spawned with fish arriving on 
different transfer dates (Table 2.8). Specifically, 63% (141 of 224) of females, 48% of 
males (203 of 425), and 53% of all assigned parents spawned with fish arriving on more 
than one transfer date. Similarly, individuals with many offspring were usually assigned 
YOY collected during different sampling events. In 2015, on average females were 
assigned offspring collected across 3.2 of the 4 juvenile sampling rounds. The most 
prolific female in 2015 was assigned 52 offspring, she had 32 different families and 
mated with individuals from all four transfer dates. Additionally, the 52 YOY were 
collected across all four sampling rounds for the year.  Based on rates of mating between 
individuals arriving at different times and pedigree visualizations (Figures B.1 – B.5, 
Appendix B) it is clear that river herring mated with multiple mates at multiple times 
across the spawning season, which means they may be staying in the spawning area for 
extended periods of time.  
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Predictors of reproductive success  
Sampling year, sex, species, arrival date, and length were all significant predictors 
of offspring assignment (Table 2.9). Sampling year had the strongest effect on 
assignment of offspring, with adults in 2015 being most likely to be assigned offspring 
(84% of adults were assigned offspring) and assigned the most offspring (mean offspring 
assigned = 5.0), followed by adults in 2014 (74% of adults assigned offspring; mean 
offspring assigned = 2.7), and then adults in 2013 (36% of adults assigned offspring; 
mean offspring assigned = 1.5) (Table 2.4, Table 2.5, Table 2.9). Sex had the next 
strongest effect, with females being assigned more offspring than males in all three years 
(Table 2.5 and 2.8). Species had the next strongest effect, with alewife being assigned 
more offspring (63%), followed by hybrids (52%) and blueback herring (32%) (Table 2.7 
and 2.8). Arrival date had the next strongest effect, with the number of offspring assigned 
declining as arrival date became later (Table 2.9). Total length had the weakest effect and 
greater length was positively correlated with assignment of offspring (Table 2.9). Finally, 
there was very weak interaction between arrival date and total length, with earlier 
arriving fish being more likely to be larger. The number of mates assigned to an 
individual was predicted by the same variables, with year having the strongest effect, 
followed by species, sex, arrival date, and fish length (Table 2.10).  
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2.4 Discussion 
2.4.1 Factors influencing river herring reproductive success 
Results from this study shed light on general trends in reproductive patterns for 
river herring. Specifically, they suggest that early arriving, large, female alewife have 
higher reproductive output and more mates than later arrivers, smaller fish, and male fish. 
Results also suggest that generally, small half-sibling families are prevalent among river 
herring, as individuals tend to have many multiple mates and to mate at more than one 
time during the breeding season. There is also evidence that mating can occur well after 
arrival date; individuals who arrive at the beginning of the season were assigned 
offspring with others who arrived at the end. Finally, we found that some of the blueback 
herring and hybrids of alewife and blueback herring that were inadvertently included in 
our experiment did successfully reproduce.  
Body size was correlated with higher reproductive success for both males and 
females in my study. Larger female body size is often positively correlated with 
fecundity, egg size, and viability of eggs (Trippel et al. 1997). In salmonids, behavioral 
studies suggest that larger male body size is often correlated with higher reproductive 
success because it allows for more effective mating and nest guarding (Fleming 1996, 
Trippel et al. 1997, Dickerson et al. 2005). However, unlike salmon, river herring do not 
build or guard nests. Blueback herring spawn in groups, composed of one female and 
several males (Loesch and Lund 1977). The group swims around in circles for a few 
minutes while the males nudge the female. Eventually the group swims faster, and all 
members dive to the bottom to deposit milt and eggs simultaneously (Loesch and Lund 
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1977). There is no description of spawning behavior for alewife specifically, but it is 
likely that they exhibit similar behavior (Neves 1981, Fay et al. 1983). Given this 
spawning behavior, larger males may have a competitive advantage in being able to push 
themselves closer to the female and swim faster when diving to fertilize a larger 
proportion of eggs. These results add to the limited literature on the importance of male 
body size in fish species that do not exhibit nest guarding.  
My study provides the first spawning success estimates for male river herring and 
suggests that females have more mates, offspring, and spawning events than males 
despite the fact that more males were stocked than females. Females in my study were 
assigned more offspring than in the only prior study reporting reproductive success. 
Huber (1978) reported that females produced between 1.5 and 3 offspring each season, 
while I found that higher mean numbers offspring assigned to each female in two of three 
study years(2013: 1.7, 2014:3.8, 2015: 10.6). This discrepancy is likely because Huber 
(1978) reported success in terms of emigrating offspring. While my study provides 
information about which fish spawn successfully, it does not take into account juvenile 
mortality and emigration over the season, which likely inflates success rates. Mortality 
for river herring YOY is very high during the first few months of life, with survival 
estimates from 0.0001% (Kissil 1974)  to 1.0% (Havey 1973).  
Female spawning success rates from my study (2013: 46%, 2014: 84%, 2015: 
91%)  were similar to one previously reported female spawning success rate of 93%, 
which was assessed based on the number of  eggs retained by females during their 
migration to the ocean (Cole et al. 1980). Cole et al. (1980) even conducted their study in 
the same watershed as our study site, however they did not consider actual YOY 
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production and only counted eggs. Additionally, both Huber (1978) and Cole et al. (1980) 
assumed determinate spawning in alewife and therefore may not have made an accurate 
assessment of success if alewife are indeterminate spawners as recently suggested 
(Ganias et al. 2015).  
In my study, success rates and number of offspring assigned increased with the 
year. Given that the sample size of YOY also increased each year from 2013 to 2015, it is 
likely increase in sample size is related to the higher assignment rates. If YOY sampling 
had occurred earlier in the season, before many YOY had died and thus more YOY had 
been sampled, the assignment rates may have been even higher.  
In my study, earlier arrival was associated with higher reproductive success and 
more mating events, which is consistent with trends in other anadromous fish literature, 
especially in salmonids, though in river herring this relationship likely exists for different 
reasons. Early arriving salmonids are likely more successful, this probably because they 
are larger and more likely live longer (Trippel et al. 1997, Smoker et al. 2000, Abadia-
Cardoso et al. 2013) which allows them to have more mating events and guard nests for a 
longer period of time (McPhee and Quinn 1998, Dickerson et al. 2002, Hruska et al. 
2011). However, although early arriving female salmonids have an advantage when it 
comes to location and number of nest sites, they risk nest destruction by later arriving 
females (redd superimposition) (Hendry et al. 2004, Quinn 2011). Similar to salmonids, 
early arriving herring have more time to spawn, at least in the case of alewife. Alewife 
are batch spawners (they spawn multiple times during a spawning season) (Huber 1978, 
Ganias et al. 2015), which means that earlier arrivers may have more time and 
opportunity to mate during the spawning season. My results support this idea since early 
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arrival was positively associated with the number of mates in our model. In contrast, river 
herring do not build nests, which eliminates potential fitness implications of redd 
superimposition. Additionally, river herring are iteroparous (Loesch 1987a) while salmon 
are semelparous, which means that one single mating season is not necessarily reflective 
of their lifetime reproductive output of river herring 
2.4.2 River herring reproductive biology and mating patterns 
Based on our pedigree assignments, river herring mated at multiple times 
throughout the breeding season, which suggests they remain in freshwater well after 
initial spawning. Extended residence in freshwater along with prevalence of multiple 
spawning events for river herring is in accordance with recent juvenile otolith analyses, 
which reveal a delay between adult arrival and spawning (Rosset 2016), and evidence 
suggesting that alewife are asynchronous spawners (Hyle et al. 2014, Ganias et al. 2015). 
These new findings are inconsistent with the studies, which reported adult river herring 
leaving spawning grounds almost immediately after initial spawning (Fay et al. 1983, 
Klauda et al. 1991, ASMFC 2012). While my results from my study provide evidence for 
an extended stay, they cannot pinpoint the gap between adult arrival and spawning for 
specific individuals. A comparison of juvenile ages to arrival date of specific pedigree 
assigned parents would further clarify how long adult river herring remain in freshwater 
and allow assessment of relationships between duration of stay in freshwater and 
reproductive success.  
This study was not designed to directly compare reproductive success of alewife, 
blueback herring and their hybrids. However, the inadvertent inclusion of both blueblack 
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herring and hybrids of alewife and blueback herring provided a fortuitous opportunity to 
examine their reproductive success. Blueback herring and alewife are vulnerable to 
hybridization due to spatiotemporal overlaps in spawning grounds. Spatially, the species 
exhibit sympatry in freshwater north of North Carolina (Loesch 1987a), in estuaries 
(Stone and Jessop 1992), and in the ocean (Neves 1981). Temporally, spawning periods 
of alewife and blueback overlap for about 2-3 weeks during late spring (Loesch 1987a). 
McBride et al. (2014b) argue that despite their sympatry, notable genetic differentiation 
between the two species (e.g., St John alewife-blueback F’st = 0.850) suggests low 
hybridization rates. However, hybridization has been documented for these species in 
anadromous (McBride et al. 2014b) and landlocked populations (Hasselman et al. 2014). 
For my study, adult stocking was conducted in early spring with the goal of collecting 
only non-hybridized alewives, since detection of hybrids may be more common when 
sampling occurs during the temporal overlap in blueback and alewife migration periods 
(McBride et al. 2014b). McBride et al. (2014) detected hybrids at low frequencies (0-6% 
in most locations, 9-30% in five locations) at more than half of 34 alewife populations 
surveyed and in all four of the blueback populations sampled. The majority of detected 
hybrids in my study and that conducted by McBride et al. (2014) were F1, however some 
in each study were classified as F2, which suggests that anadromous hybrids are fertile. 
My study provides further evidence of hybrid fertility because I was able to assign 
multiple offspring to one fourth of the hybrids in our study, which corroborates previous 
fertility predictions.  
While pedigree assignments suggested that hybrids exhibited higher reproductive 
success than blueback herring, the limited sample size and associated reduced 
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opportunity for spawning with conspecifics prevents any larger claims about species 
related differences in reproductive success. In their sympatric range, blueback herring are 
more likely to spawn in flowing streams and rivers, while alewife are more likely to 
spawn in still ponds and lakes (Loesch 1987b). While it may be expected for blueback 
herring to have lower reproductive success in lakes due to these preferences, blueback 
herring do successfully spawn in ponds and lakes in their allopatric range (Loesch 
1987a). There is no information on spawning preference for hybrids, but our study 
suggests that they are capable of spawning in lakes and arrive to spawn later in the 
season. Reduced success in blueback herring may also be due to the absence of 
conspecifics to mate with and competition from alewife. Additionally, the limited sample 
size and sampling frame targeting alewife in my study likely resulted in an 
underestimation of the proportions of hybrids and blueback herring YOY and adults in 
the system. 
While there are caveats with this study, it does provide further evidence that 
hybrid river herring are fertile.  If hybridization becomes more common, there is potential 
for increased gene flow between alewife and blueback herring, which may ultimately 
lead to a loss of genetic diversity. Further, pedigree-derived evidence of mating between 
hybrids and between hybrids and parental species suggests that the formation of hybrid 
swarms, or populations where all individuals are hybridized to some extent, is possible in 
this anadromous population. A hybrid swarm has already been detected in a landlocked 
freshwater population of river herring (Hasselman et al. 2014). A more extensive survey 
or hybrid fitness and prevalence of hybrid mating in anadromous river herring 
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populations would be required to fully evaluate potential implications for alewife and 
blueback herring. 
2.4.3 Future implications for river herring populations 
My results suggest the potential for implications of projected climate change on 
river herring. There is already evidence Chinook salmon and pink salmon are migrating 
earlier in response to climate change (Planque et al. 2010). Modelling based on projected 
climate conditions suggests that alewife migration will also shift earlier (Ellis and 
Vokoun 2009, Nye et al. 2012, Lynch et al. 2015). While it seems that alewife migration 
is moving earlier, more information is needed on changing blueback migration timing 
(Nye et al. 2012, Lynch et al. 2015). Since there is evidence that spawning arrival and 
migration timing are factors in reproductive success, changes in migration timing may 
play a role in population productivity. Early arrival may be associated with higher 
success because early arrivers have the opportunity to mate multiple times in freshwater. 
If migration time shifts earlier and becomes truncated, earlier arrival time may be more 
strongly selected for. Changing migration timing also plays a role in potential for 
hybridization. If both blueback herring and alewife migrate earlier, there is potential for 
increased temporal sympatry, which could lead to more frequent hybridization. 
Conversely, if alewife migrate earlier and blueback herring continue migrating later, 
temporal sympatry may be reduced and hybridization may be limited.  
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2.4.4 Study limitations 
It is important to remember that the implications of this study are somewhat 
limited as the study system has unique attributes. First, the adult density in Pentucket 
Pond was very low. Each year only 266 to 423 fish were stocked, while adult run size 
estimates for the study river system (Parker River, MA) ranged from 7,149 to 19, 852 
during study years. Similarly, juvenile density rates were very low and resulted in 
exceptionally high growth rates (Rosset 2016). Earlier arriving fish of both sexes and 
larger males would likely have a more prominent competitive advantage in higher density 
systems, since both males and females would have a longer time to mate and larger males 
would be dominant in mating groups. Larger female river herring may have an advantage 
in higher density systems if they produce larger eggs, which may be more viable. In 
female salmonids, larger females face a trade-off between producing more numerous 
eggs or larger eggs, which often result in more viable offspring  (Fleming 1996). Theory 
suggests that larger eggs should be favored when juvenile survival is poor or competition 
is intense (Perrin 1989, Stearns 1992). It is also possible that increased competition 
would lead to lower overall success or fewer mating events per individual, especially for 
smaller individuals and males. Similarly, it is possible that higher densities would result 
in higher chances of encounter, which would increase reproductive success However, 
despite the low density of adults in Pentucket Pond during our study, we had high rates of 
assignment which suggest that limited encounters were not a problem. Finally, this study 
likely underestimated the number of blueback herring in the system and thus the 
intraspecific competition for mates and spawning ground. Presence of blueback herring 
and hybrids may play a larger role in a denser system.  
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Additionally, our sample size varied significantly across years and year was the 
strongest effect in predicting rates of reproductive success. However, larger fish, females, 
and early arrivers were more successful in all three years regardless of sample size 
differences.  
2.4.5 Conclusion 
In this thesis, I present some of the first basic information about how sex, size, 
and arrival time influence variation in river herring reproductive success, which 
contributes to understanding their life history in freshwater. Information from our model 
can be used to make more precise predictions of river herring productivity in freshwater. 
Traditional stock recruitment models assume that spawning stock biomass accurately 
reflects recruitment potential, but there is a growing consensus that this is an 
oversimplified approach which fails to reflect true reproductive potential (Trippel et al. 
1997, Marshall et al. 1998, Frank and Brickman 2001, Lowerre-Barbieri 2009, Lowerre-
Barbieri et al. 2011). Advanced analytical methods begin addressing these issues by 
including aspects of species reproductive biology, including life history strategies 
(Winemiller 2005), phenotypic responses to environmental factors (Van Winkle et al. 
1993), and number of spawning events per season (Lowerre-Barbieri et al. 1998) to make 
more accurate predictions about spawner-recruitment relationships. These models require 
access to accurate and detailed life history data for the species of concern, but these data 
are often unavailable or incorrect, making model use impossible or leading to inaccurate 
predictions (Trippel et al. 1997, Tomkiewicz et al. 2003, Rose 2005, Lowerre-Barbieri 
2009, Lowerre-Barbieri et al. 2011). My results provide new detailed life history 
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information about the number of mating events per season and the importance of sex, 
species identity, arrival time, and body size in predicting individual reproductive success 
for river herring, which can be incorporated into new analytical models and aid in more 
effective management of these species of concern.  
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Table 2.1: Young-of-year river herring collected by round and date in 2013, 2014, and 
2015 using electrofishing, purse seining, and gill nets.  
Date Electrofishing Purse Seine Gill net Total Fish Collected  
2013     
       Round 1 (7/24/2013) 51 - - 51 
       Round 2 (8/7/2013) 66 - - 66 
       2013 Totals 117 - - 117 
2014     
       Round 1 (6/17/2014) - 153 - 153 
       Round 2 (7/14/2014) - 58 - 58 
       Round 3 (8/12/2014) - 31 - 31 
       2014 Totals - 242 - 242 
2015     
       Round 1 (6/11/2015) - 193 0 193 
  (6/12/2015)   - 35 0 35 
       Round 2 (7/10/2015) - 44 0 44 
(7/11/2015)  - 64 0 64 
       Round 3 (8/11/2015) - 1 209 210 
  (8/12/2015) - 4 0 4 
       Round 4 (10/3/2015) - 0 293a 293 
       2015 Totals - 341 502 843 
Study Totals 117 583 502 1,202 
a Samples were frozen instead of stored in 95% ethanol 
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Table 2.2: Mean length (mm) for all adults, males, and females, for each year and arrival date.  
   All adults   Males  Females 
Year    n Min Max Mean SD   n Min Max Mean SD  n Min Max Mean SD 
                    
2013    423 241 325 275.4 16.04   276 241 320 270.8 13.71  147 246 325 284.0 16.59 
4/19   100 253 320 281.2 15.77  81 253 320 277.5 13.12  19 255 313 297.3 16.39 
4/29   100 247 311 272.5 14.36  82 247 300 269.9 13.23  18 263 311 284.2 13.76 
5/3   16 253 309 278.1 17.86  9 253 304 273.2 15.97  7 258 309 284.3 19.42 
5/8   134 243 317 274.4 16.09  78 243 296 267.1 12.27  56 246 317 284.6 15.17 
5/10   73 241 325 272.8 16.41  26 241 294 263.5 12.43  47 248 325 277.9 16.21 
                    
2014   266 233 336 274.9 15.49  189 233 300 271.1 13.38  77 245 336 284.2 16.44 
4/24   78 257 317 281.9 13.31  61 257 298 277.2 9.55  17 275 317 298.6 11.52 
5/5   100 244 306 273.7 14.71  69 244 299 269.2 14.01  31 258 306 283.7 10.95 
5/12   76 233 336 270.3 16  55 233 300 267.6 13.87  21 255 336 277.5 19.14 
5/19   12 243 300 267.8 16.95  4 243 270 258.8 11.3  8 245 300 273.2 17.12 
                    
2015   405 245 321 273.9 12.21  322 245 309 271.9 12.26  83 253 321 281.7 13.88 
4/29   144 245 310 275.8 13.3  127 245 309 274.1 12.09  17 263 310 288.6 15.19 
4/30   57 247 310 276.8 12.97  52 247 302 274.9 11.51  5 281 310 296.4 11.72 
5/6   208 247 321 271.8 12.93  143 247 300 268.8 12.06  61 253 321 278.6 12.34 
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Table 2.3: Assigned species identity for transferred adults based on NEWHYBRIDS 
analysis. Individuals were assigned to categories if the had a posterior probabiliities 
greater than 70% for one caterogy. Posterior probabilities were generated by 
NEWHYBRIDS. If individuals did not have a posterior probability greater than 70% for 
any one category they were listed as unassigned. Total hybrids indicates a sum of all F1, 
F2, and Unassigned individuals.  
 
 Number of adults 
 2013 2014 2015 All years 
Alewife 417 220 390 1029 
Blueback 3 30 6 39 
Total hybrids 1 16 14 31 
                   F1 1 10 10 21 
                   F2 0 4 0 4 
     Unassigneda 0 2 4 6 
Total Adults 421 266 409 1096 
aUnassigned individuals had a posterior probability less than 70% for all categories.  
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Table 2.4: Number (n) and proportion (%) of adult river herring with YOY assigned to 
them in 2013, 2014, and 2015. The number of unique nuclear families (based on pedigree 
analysis) and mean, standard deviation (SD) and maximum family size (i.e., number of 
full-sibling offspring assigned to one set of parents) are also reported.   
 
   All adults  Males  Females  Family Size 
Year YOY assigned   n 
# (%) 
Assigned   n 
# (%) 
Assigned   n 
# (%) 
Assigned   
# 
Unique 
families 
Mean SD Max 
2013 117  423 153 (36)  276 85 (31)  147 67 (46)  114 1 0.16 2 
2014 242  266 179 (67)  189 116 (61)  77 63 (83)  224 1.1 0.29 3 
2015 846   405 343 (85)   322 258 (80)   83 80 (96)   713 1.2 0.62 11 
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Table 2.5: Number of offspring (mean, standard deviation (SD), minimum, and 
maximum) assigned to adults in 2013, 2014, and 2015. ‘Assigned parents’ indicates 
adults assigned at least one offspring; ‘all adults’ includes adults that were assigned no 
offspring. ‘Total’ indicates both males and females.  
 
Number offspring assigned to “assigned parents” 
 Total  Males  Females 
Year Mean SD Min Max  Mean SD Min Max   Mean SD Min Max 
2013 1.5 0.94 1 6  1.4 0.72 1 6   1.7 1.13 1 6 
2014 2.7 1.99 1 11  2.1 1.16 1 6  3.8 2.61 1 11 
2015 5 5.47 1 18  3.3 2.51 1 18  10.6 8.81 1 52 
Number of offspring assigned to all adults 
 Total  Males  Females 
Year Mean SD Min Max  Mean SD Min Max  Mean SD Min Max 
2013 0.6 0.93 0 6  0.4 0.75 0 6  0.8 2.79 0 6 
2014 1.8 2.07 0 11  1.3 1.37 0 6  3.1 2.79 0 11 
2015 4.1 5.32 0 52   2.6 2.6 0 18   10.1 8.25 0 52 
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Table 2.6: Number of unique mates/nuclear families per individual (mean, standard 
deviation (SD), and maximum (Max) a for adults with assigned offspring in 2013, 2014, 
and 2015.  
 
  Number of unique mates per individual 
  All adults  Males  Females 
Year Mean SD Max   Mean SD Max   Mean SD Max 
2013 1.5 0.88 6  1.3 0.65 5  1.7 1.07 6 
2014 2.5 1.82 10  1.9 1.06 5  3.6 2.38 10 
2015 4.2 4.24 32   2.8 1.8 11   8.9 6.06 32 
a The minimum number of families is 1 for all assigned parents.  
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Table 2.7: Rate of offspring assignment for different species, based on NEWHYBRIDS 
classifications, and number of offspring (mean, standard deviation (SD), minimum, and 
maximum) for each species.  
 
   Offspring assigned  Unique families 
Species N #(%) Assigned Mean SD Min Max  Mean SD Min Max 
Alewife 1029 644(63) 2.3 3.88 0 52  2.0 3.12 0 32 
Hybridsa 31 16 (52) 1.4 2.06 0 8  1.2 1.79 0 6 
Blueback 39 10(32) 0.4 0.75 0 3  0.4 0.75 0 3 
aHybrid classification includes F1, F2, and unassigned individuals 
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Table 2.8: Mean and standard deviation (SD) of the number of different transfer dates 
from which mating events occurred per individual for each year. If a fish had mates from 
all four transfer dates, it was assigned a ‘4’. If it had mates from one transfer date, it was 
assigned a ‘1’. NA indicates that there was no 4th  transfer date in that yeara, so mating on 
those dates would not be possible.  
 
    Number of individuals mating on 1, 2, 3, and 4 transfer dates    
 Number of transfer dates from which mating 
events occurred 
  Females  Males  Females  Males 
Yea
r 
Number 
of 
transfer 
dates 
1 2 3 4   1 2 3 4   Mean SD   Mean SD 
201
3 5 
4
6 
2
1 0 0  59 23 3 0  1.3 0.47  1.4 0.72 
201
4 4 
2
9 
2
8 
2
1 0  45 28 9 1  1.5 0.53  1.7 0.73 
201
5 3 9 
3
0 
4
1 
N
A   
11
8 
10
6 
3
3 
N
A   2.4 0.69   1.7 0.69 
a Although there was a 5th transfer date in 2013, no individuals mated on all 5 dates, so it 
was not included in this table.  
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Table 2.9: Generalized linear model with a zero inflated negative binomial distribution 
predicting the number of offspring assigned to an individual. Log-likelihood: -1751 on 19 
Df, Theta = 3.1098. 
Fixed-effects Estimate SE z p-value 
Intercept -3.14600 0.743 -4.235 <0.001 
Arrival Date -0.05650 0.006 8.891 <0.001 
Total Length 0.01347 0.002 5.454 <0.001 
Arrival Date*Total 
Length -0.00037 0.000 -179.886 <0.001 
Sex     
       Male -1.12100 0.077 -14.589 <0.001 
Species     
       Blueback -1.08800 0.313 -3.478 <0.001 
       Hybrid -0.81560 0.227 -3.598 <0.001 
Year     
       2014 1.42300 0.102 13.982 <0.001 
       2015 2.25800 0.092 24.622 <0.001 
Log(theta) 1.13500 0.126 9.028 <0.001 
 
Table 2.10: Generalized linear model with a zero inflated negative binomial distribution 
predicting the number of mates assigned to an individual. Log-likelihood: -1654 on 19 
Df, Theta = 4.6986 
Fixed-effects Estimate SE z p-value 
Intercept -2.71885 0.705 -3.859 <0.001 
Arrival Date -0.03831 0.006 6.219 <0.001 
Total Length 0.01191 0.002 5.091 <0.001 
Arrival Date*Total Length -0.00028 NA NA NA 
Sex     
       Male -1.14650 0.072 -16.034 <0.001 
Species     
       Blueback  -1.22482 0.286 -4.276 <0.001 
       Hybrid -0.74454 0.214 -3.472 <0.001 
Year     
       2014 1.28023 0.104 12.342 <0.001 
       2015 2.02666 0.096 21.207 <0.001 
Log(theta) 1.54726 0.040 38.424 <0.001 
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Figure 2.1: Distribution of total length in each study year for all adults, females, and 
males.  
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Figure 2.2: Offspring assigned to all adults, males, and females for 2013, 2014, and 
2015. “Count of adults” axis is on a log scale. 
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Figure 2.3: Distribution of family sizes (number of full-sibling offspring assigned to a set 
of parents) for the three study years. “Count of adults” axis is on a log scale.  
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Figure 2.4: Offspring assigned to hybrids (n=31), and blueback herring (n=39), based on 
NEWHYBRIDS classifications. 
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CHAPTER 3 
“COUNTING FISH IS MY YOGA”: AN EVALUATION OF THE SOCIAL 
OUTCOMES OF PARTICIPATION IN A CITIZEN SCIENCE RIVER HERRING 
MONITORING PROGRAM 
3.1  Introduction  
Over the past 30 years new citizen science programs have been developed at 
unprecedented rates, perhaps due to increased scientific interest in biodiversity and the 
development of  internet-enabled crowdsourcing technologies (Theobald et al. 2015, 
Bonney et al. 2016).  Citizen science projects cover a range of topics like monitoring 
invasive plant species (Crall et al. 2011),  helping identify new galaxy types (Cardamone 
et al. 2009), monitoring bird nests , and testing community water quality (Silvertown 
2009). A recent study estimated that 1.37 – 2.28 million people volunteer for worldwide 
citizen science programs annually—amounting to a contribution of $667 million to $2.5 
billion—for biodiversity-related citizen science programs alone (Theobald et al. 2015). 
As citizen science programs become more ubiquitous, it is increasingly important to 
evaluate their scientific and societal outcomes.  
Citizen science projects collect and analyze large data sets that contribute to 
studies and analyses that may otherwise prove impossible due to staffing and budgetary 
limitations. While concerns about data quality from citizen science projects remain 
common among scientists (Silvertown 2009, Dickinson et al. 2010), there is evidence that 
data collected by most programs is subject to suitable quality standards and can be 
comparable to professionally collected data (Schmeller et al. 2009, Kremen et al. 2011, 
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Cooper et al. 2014, Swanson et al. 2016). The value of citizen science data is reflected in 
the publication rates of biodiversity-related citizen science results. Theobald et al. (2015) 
identified 446 publications resulting from 388 citizen science projects in journals 
including BioScience, Conservation Biology, Trends in Ecology and Evolution, and 
Proceedings of the National Academy of Sciences. Despite the evidence that citizen 
science data can be fairly reliable and the favorable publication rates for these data, there 
are still barriers to in scientific community. Many scientists choose not to use verified 
high-quality citizen science data in peer-reviewed publications (Theobald et al. 2015) and 
there is evidence that many published papers fail to acknowledge the contributions of 
citizen scientists (Cooper et al. 2014).  
In addition to supporting research efforts, citizen science programs have the 
potential to educate participants, promote scientific and environmental literacy, and 
inspire pro-environmental behavior (Bonney et al. 2009a, Jordan et al. 2011, Phillips et 
al. 2012, Bonney et al. 2014). Participants in time-intensive (e.g., full day or 4-6 hours 
per week) citizen science programs reporting stronger connections to science and feelings 
of contribution to scientific research (Brossard et al. 2005, Louv et al. 2012, Bonney et al. 
2014). Additionally, a few studies suggest that citizen science participants gained 
knowledge of scientific content that was related to the programs they completed. For 
example, participants in invasive species programs (National Institute of Invasive Species 
Science (Crall et al. 2011); Spotting the Weedy Invasives (Jordan et al. 2011)) developed 
stronger abilities to identify invasive plants, while participants in bird monitoring 
programs (Smithsonian Institute’s Neighborhood Nestwatch (Evans et al. 2005); Cornell 
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Lab of Ornithology’s The Birdhouse Network (Brossard et al. 2005)) demonstrated 
greater knowledge of bird nesting behavior. 
Although there is evidence that participants in citizen science programs show 
improved understanding of scientific and environmental concepts related to program 
content, there are few reports of gains in understanding of the broader scientific process 
or exhibit significant changes in behavior. For example, all of the studies mentioned 
above noted that participants showed no significant changes in broader scientific 
knowledge, scientific attitudes, or reported pro-scientific or environmental behaviors 
(Brossard et al. 2005, Evans et al. 2005, Crall et al. 2011, Jordan et al. 2011).Although 
most citizen science studies have attempted to identify changes in citizen scientists’ 
understanding of the scientific process, only one reports significant changes. In a study of 
individuals watching bird feeders, 80% of 70 participants showed “inquiry-thinking” and 
scientific awareness during the program (Trumbull et al. 2000, Bonney et al. 2016). 
Changes in behavior following participation in a citizen science program have not been 
as widely investigated. Crall et al. (2011) found that addition of a training event 
positively altered participant intentions to engage in pro-environmental behaviors, 
including volunteering for more environmental organizations, attending community 
events, removing identified invasive species, and educating others.  However, it is 
important to consider that these intentions were reported as future intentions in 
comparison to current intentions and the change in intentions was not evaluated using a 
pre- and post-survey.  
In addition to science literacy, citizen science programs can inspire stronger 
connection to nature. Public connection and interaction with nature has decreased in 
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recent years (Miller 2005, Kareiva 2008, Soga and Gaston 2016). Frequency of outdoor 
recreation, such as visits to national parks and local urban greenspaces, has declined 
(Kareiva 2008, Soga and Gaston 2016). Much of this disconnect has been attributed to 
increased urbanization (Turner et al. 2004) coupled with ubiquitous technology-based 
entertainment, like television and video games (Pergams and Zaradic 2006). Even virtual 
worlds are moving away from nature; one study found that representation of natural 
settings in Disney movies has decreased over the past 70 years (Prévot-Julliard et al. 
2014). The decrease in public connection to nature is considered a public health issue 
(Shanahan et al. 2015) due to the many documented health benefits of interaction with 
the natural world, which include decreased blood pressure and reduction in stress, among 
others (Hartig et al. 2003, Shanahan et al. 2015). Disassociation from nature is also being 
viewed as a conservation issue (Miller 2005, Balmford and Cowling 2006, Kareiva 
2008). People who are not connected to nature are unlikely to value the benefits and 
services of nature (Bixler et al. 2002, Ewert et al. 2005) and are therefore may not see the 
need to protect natural areas (Wells and Lekies 2006, Ward Thompson et al. 2007, 
Kareiva 2008). This may result in a negative feedback loop, where people are not 
exposed to nature, which makes them feel disconnected from it, thus decreasing their 
interest in protecting natural areas, resulting in retention of fewer natural areas, which 
subsequently reduces the potential natural experiences available to the next generation 
and reduces their connection to nature (Miller 2005, Kareiva 2008, Soga and Gaston 
2016).  
Citizen science programs in urban areas have the potential to get people outside 
and promote their connection to nature. Through spending time outside, participants in 
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some citizen science programs have demonstrated better understanding of their 
connection to nature (Louv et al. 2012, Bonney et al. 2014). Participants in other citizen 
science programs showed a higher connection to nature and more pro-environmental 
attitudes following their involvement in citizen science (Brossard et al. 2005, Bonney et 
al. 2009b, Dickinson et al. 2012, Louv et al. 2012). A few citizen science programs 
related to collection of marine data and beach cleaning have also been linked with 
participant feelings of well-being (Koss and Kingsley 2010, Wyles et al. 2016).  
Overall, assessments of participant social outcomes in citizen science programs have 
been extremely limited in number and scope, as they disproportionally represent  
ornithology-related citizen science projects (Chase and Levine 2016). This gap in citizen 
literature has been attributed to the difficulty and expense of deploying proper 
evaluations and the lack of standardized evaluation tools for these programs (Jordan et al. 
2011, Dickinson et al. 2012, Phillips et al. 2012, Bonney et al. 2016). Thus, there is a 
need for more research on the social implications of a diverse set of citizen science 
programs to broaden our understanding of their impact.  
In the northeastern US, citizen scientists frequently monitor adult river herring 
during their annual spring spawning migration from the ocean to their natal rivers and 
lakes.  The term “river herring” refers collectively to the alewife and the blueback herring 
(Alosa aestivalis), both of which are socioeconomically and ecologically important 
species. River herring are anadromous fish, meaning they live in the ocean and spawn in 
natal freshwater rivers and ponds. During their annual migrations, juvenile and adult river 
herring serve as a food source to predators, including birds and commercially and 
recreationally important fish species (Loesch 1987a, Post et al. 2008, Dalton et al. 2009, 
 53 
McDermott et al. 2015) and transport nutrients from marine to freshwater systems 
(Durbin et al. 1979, Walters et al. 2009). Additionally, river herring have a rich cultural 
significance in New England. Historically, they were an important and abundant food 
source and many communities, including this study’s focal community, celebrate the 
annual herring migration in spring (Limburg and Waldman 2009).  
River herring research is especially important at present due to significant 
population declines and inadequate species life history information. Over the past 
centuries alewife populations experienced precipitous declines attributed to inadequate 
fish passage at dams, habitat degradation, bycatch, overfishing, and climate change 
(Limburg and Waldman 2009, ASMFC 2012, Hall et al. 2012, Hasselman et al. 2016). 
These population declines prompted listing of alewife as a species of concern (NOAA 
2007) and a petition for their inclusion under the Endangered Species Act (ESA) (NRDC 
2011). The petition for ESA listing was not accepted in 2011, due in part to inadequate 
data on factors influencing population declines and the freshwater portion of the river 
herring life cycle. Additional research and mitigation endeavors, including bycatch 
reductions and river restoration initiatives, followed the ESA petition effort.  The petition 
was slated for re-consideration 3-5 years following rejection. Given the forthcoming re-
consideration of the ESA petition, current investigation of river herring reproductive 
biology and engagement and education of the public about the species are prudent. 
Massachusetts relies heavily on citizen counts to estimate river herring 
populations. In 2012, 17 of the 27 rivers monitored for river herring were managed by 
citizen groups and the remaining sites were monitored by electronic counters (7), fish lifts 
or traps (2), and video cameras (1) (Sheppard 2013). Some citizen monitoring programs 
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have been operating since the early 2000’s and provide longer term data sets than 
electronic counters, which were installed later in the decade and in fewer locations 
(Nelson et al. 2011). Data from river herring volunteer herring counts are used by the 
Massachusetts Division of Marine Fisheries (MDMF) to compare river herring 
populations in rivers across the Commonwealth and evaluate how they change over time. 
These counts are integral to statewide management of river herring populations (Nelson 
et al. 2011) and have also been used in peer reviewed research about basic river herring 
ecology and biology (Rosset 2016). River herring counting programs not only support 
much needed research on river herring life history, but also have the potential to engage 
and educate the public and inspire greater interest in this species of concern. 
Given the increasing abundance of citizen science programs, the importance of a 
scientifically literate public, and growing research interest among scientists and funding 
agencies, it is timely to further investigate the social and individual outcomes of citizen 
science programs (Jordan et al. 2015, Bonney et al. 2016, Kobori et al. 2016). 
Additionally, while there has been some investigation of changes in citizen scientist 
attitudes towards science and the environment, these studies are extremely limited and 
behavioral changes have not been well researched (Louv et al. 2012, Bonney et al. 2014).   
My study fills some gaps in citizen science literature and by addressing the potential 
social and behavioral outcomes of the Mystic River Watershed Association (MyRWA) 
Herring Monitoring Program in Arlington, MA. Specifically, I used a pre-post survey 
design to investigate how involvement in MyRWA’s Herring Monitoring program 
influenced participants’: 
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1) Perceptions of a) science, b) their personal connection to science, and c) their 
contribution to scientific research 
2) Understanding of the ecological significance of river herring and habitat 
connectivity 
3) Feelings of connection to nature 
4) Intentions toward pro-environmental behaviors 
My investigation of a MyRWA’s monitoring program, adds diversity to the citizen 
science literature by adding a case study of fish counting program, considering an urban 
citizen science program, evaluating a program that has a relatively low time commitment, 
and exploring participant changes in pro-environmental behavior. Additionally, this 
information can be used to improve herring monitoring and other citizen science 
programming by assessing which educational goals being met. 
3.2 Methods 
1. The MyRWA Herring Monitoring Program 
The MyRWA Herring Monitoring Program has been operating since 2012 and 
employs 80-100 volunteers each year to count river herring passing through a fish ladder 
adjacent to the Mystic Lakes Dam in Arlington, MA for the duration of the migration 
period (April to July). Arlington is a small highly urbanized city about five miles outside 
of Boston. Program participants are from Arlington and other surrounding urban areas 
like Medford, Cambridge, Somerville, and Boston. The program requires a volunteer 
commitment of approximately 9-11 hours over three months. Participants complete a one 
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and a half hour training in March and spend 10 minutes counting fish at the Mystic Lakes 
Dam once a week for 3–4 months (April to June or July). Prior to counting fish, 
volunteers are required to complete a one-hour training which covers the historical and 
ecological significance of river herring, the importance of the program to science and 
management efforts, and program logistics.  
The MyRWA Herring Monitoring Program is well suited to investigation of the 
mentioned research questions because of its direct connection to scientific research and 
management, ecological focus, and requirement for participants to regularly spend time 
in nature. Participants in river herring counting programs directly support efforts that aim 
to rehabilitate these fish populations as spawning run counts are used in scientific 
research and stock assessment models to estimate run productivity and manage the 
fishery. Throughout the program, participants are exposed to ecological principles and 
introduced to the ecological importance of river herring and are regularly updated on run 
counts and local water quality. Additionally, participants spent time in nature, which may 
influence their attitudes towards nature. By using a pre-post survey design, I hoped to 
capture changes in attitudes and reported behaviors over the course of the program.  
2. Survey Development 
A pre- and post-survey design was used to measure changes in participant 
environmental attitudes and behavior before and after participation in the citizen science 
program. The survey collected basic demographic information (gender, age group, 
education level) and participants were asked to note their involvement in other programs 
and their general exposure to environmental issues (how much they discuss 
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environmental issues, how much they read science or environmental news). Survey 
design was influenced by existing citizen science surveys (Crain et al. 2014). Survey 
development, design, implementation, and structure followed Dillman et al. (2014).  
Surveys were linked using a self-generated code that survey participants added to the pre- 
and post-surveys. The pre-survey (Appendix 1) included questions to address each of the 
research objectives, as described below. Unless otherwise indicated, questions asked 
participants to indicate their level of agreement with statements on a 6 point Likert scale 
where 1 was strongly disagree and 6 was strongly agree. 
3.2.1.1 Participants’ perceptions of and participation in science 
The survey included one question with five statements  (Question 20, Appendix 
1) that were explicitly related to perceptions of and connection to science and were 
adapted from questions used in prior studies (Brossard et al. 2005, Crain et al. 2014). The 
survey also included three questions (Questions 6-8) related to current and intended 
participation in citizen science programs. For Questions 6 and 7, participants selected 
“yes” or “no” when asked if they were currently involved in or had previously been 
involved in other  citizen science programs. For Question 8, participants indicated their 
intentions to participate in future citizen science programs by answering “yes”, “maybe”, 
or “no”.  
3.2.1.2 Participants’ ecological understanding of river herring 
Participant understanding of river herring ecology was assessed through their 
agreement with one question including three statements related to the immense decline in 
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river herring populations, the connections between river herring and the local food web, 
and the deleterious impacts of dams on spawning migrations (Question 11). These 
concepts were presented in the training workshop at the beginning of the program; the 
pre-survey was administered prior to the training. Additionally, understanding of 
ecological significance and habitat connectivity was tested through participant agreement 
with statements about how river herring connect to the economy, other species, and daily 
food choices (Question 20).  
3.2.1.3 Participants’ connection to nature and environmental attitudes 
 The survey used a shortened “connectedness to nature” scale to assess and 
track participant environmental attitudes (Mayer and Frantz 2004, Frantz and Mayer 
2014). The scale included five statements (Question 10), which participants rated on a 6-
point Likert scale. Environmental attitudes were assessed through responses to a series of 
statements targeting individuals understanding or concern about their personal 
environmental impacts (Questions 20-21).  
3.2.1.4 Participants’ pro-environmental behavior  
Intentions toward pro-environmental behavior were assessed through questions 
about outdoor recreation, lawn care, interest in daily and household pro-environmental 
behavior (e.g., recycling, buying “green” products, biking to work), and seafood 
purchasing choices. Questions about seafood choices were included to see if increased 
knowledge of food web connections between river herring and commercially available 
fish would influence participant consideration of sustainability in purchasing decisions. I 
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chose to include questions about lawn care because many survey respondents lived near 
waterbodies that may drain into the Mystic River, so their lawn are habits could indirectly 
impact river herring by influencing water quality. Participants indicated their frequency 
of participation in outdoor activities using a 7-point Likert scale where 1 was never and 7 
was daily (Question 13). For lawn care, participants indicated how often they used 
fertilizer (4-point Likert scale where 1 was never and 4 was over 4 times per year) or 
watered their lawn in the summer (7-point Likert scale where 1 was never and 7 was 
daily) (Questions 14-19). Participants rated the frequency with which they would 
complete various daily and household pro-environmental behaviors on a 6-point Likert 
scale where 1 was never and 6 was very often (Question 22). To understand how 
participants made seafood choices, the survey asked them to indicate which types of 
seafood they purchased in restaurants and in stores and to rate the importance of 
nutritional quality, cost, freshness, sustainability rating, responsible farming or fishing 
practices, and type on a 5-point Likert scale where 1 was not important and 5 was very 
important (Questions 23-30).  
 All of the questions above were repeated in the post-survey (Appendix 2), although 
question numbering differed because six questions were omitted from the post survey. A 
few repetitive questions (Appendix 1, Questions 2, 5, 21 (statements 11 and 12)) and 
demographic questions (Appendix 1, Questions 34-37) were removed in the post-survey to 
reduce its length and streamline analyses. Additionally, four questions were added to the 
post-survey to allow participants to self-assess any changes they experienced as a result of 
the program (Appendix 2, Question 25), report what they had gained from their 
participation (Appendix 2, Questions 26 and 27), and to suggest program improvements 
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(Appendix 2, Question 28).  
The survey was tested by 20 scientists (graduate students, undergraduate students, 
and post-docs in the Roy and Markowitz labs at the University of Massachusetts Amherst). 
The scientists took between 10 and 15 minutes to complete the survey. Confusing wording 
and Likert questions were changed following testing. 
3. Survey distribution  
All volunteers (n = 87) in MyRWA’s 2015 Herring Monitoring Program were invited 
to participate in the survey, which was offered on paper and online using Qualtrics 
(Qualtrics 2015). Paper pre-surveys were distributed and completed immediately before a 
2-hour training event for new herring monitors (i.e., those who did not participate in 
2012, 2013, or 2014) on March 21st, 2015 and at subsequent make-up trainings. New 
monitors who could not attend the training and experienced monitors who were not 
required to attend the training received a link to an identical online survey one week prior 
to the training event. Post-surveys were distributed on paper four months later at 
MyRWA’s end of season ice cream social on July 13th, 2015. As with the training, 
monitors who were unable to attend the event received a link to an identical online 
survey. All work was conducted in accordance with UMass IRB 2015-2402.  
4. Data analysis  
Much of the survey data were from Likert scales. Some of these Likert scales 
ranged from strongly disagree to strongly agree while others were based on the frequency 
of an activity and range form never to very often. The majority of questions were on 6-
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point Likert scales and were coded from 1 to 6 with 1 as strongly disagree or never and 6 
as strongly agree or very often. Similarly, for all other scales (4-point, 5-point, and 7-
point) 1 was the least important, least frequent, or lowest agreement and importance, 
agreement, or frequency increased with the coding number Likert scale data are 
technically categorical, but can be and often are analyzed as continuous in this field 
(Norman 2010). I analyzed these data as continuous.  
Many of the questions in the survey referred to similar principles and some 
responses were combined to describe a certain attitude or belief. For example, to analyze 
the CNS scale results for the group, item scores were averaged across five statements. 
This practice is common in the literature as the statements in the scale are highly related 
to one another based on the scale’s high Cronbach’s alpha score (0.82). Cronbach’s alpha 
scores ranges from zero to one and indicates the degree of relatedness between a group of 
statements Mayer and Frantz 2004). I also investigated correlations between seemingly 
related statements and questions; for example, pro-environmental behaviors, lawn care, 
food security, understanding of habitat connectivity, and perception of science.   
All analyses were performed using R Statistical Programming Language (R 
Development Core Team 2014). Unit non-response for the post-survey was assessed by 
comparing demographic information for respondents and non-respondents using a chi-
square test. For questions about involvement in citizen science programs, which involved 
a yes or no answer or a yes, no, and maybe answer, I used chi-square tests to compare 
pre- and post-survey responses. For the remaining Likert scale survey questions, I used 
paired within-subjects t-tests to assess personal changes in behavior, attitudes, and 
responses. I used unpaired t-tests of differences to assess variation between new and 
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experienced counters. These differences were calculated by subtracting the pre-survey 
scores from the post-survey scores. Given the small sample size and use of parametric 
statistics, a cutoff of P < 0.10 was used for significance. 
The survey self-assessment included perceived changes in attitudes and behaviors 
as a result of the program. To better understand the reliability of the self-assessment in 
reporting change, I assessed basic correlations between self-assessment items and 
associated changes in behavior items. Additionally, the self-assessment included two 
qualitative questions. The first question asked participants what they gained from the 
program. For this question I coded responses from these questions into five categories,  
“relaxation”, “time outdoors”, exercise”, “contributing”, and “seeing the fish”, and 
counted the number of responses in each category. The second question asked 
participants what they would like to see improved in the program; I coded responses from 
these questions into five categories, “more involvement in scientific process”, “more 
public outreach”,  “more program updates”, “more program events/opportunities to meet 
other counters”, and “logistic issues”, and counted the number of responses in each 
category.  
3.3 Results  
5. Survey Response Rate  
We collected pre-surveys from 58 of the 87 participants enrolled in MyRWA’s 
2015 Herring Monitoring Program (67% response rate). Of these, 21 surveys were 
completed on paper and 38 surveys were completed online. Of the 58 individuals, 29 
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completed post surveys (50% response rate); of these 29, 14 were completed on paper 
and 15 were completed online.  
6. Demographic information  
The majority (90%) of survey respondents were between the ages of 35 and 74 
(Table 3.1), although this age group comprises 53% of the population in Arlington, MA 
(US Census 2014). Slightly more women (15: 52%) than men (13: 45%) completed the 
pre- and post-survey (one participant chose not to specify a gender) (Table 3.1), which 
matches the census data for Arlington (US Census 2014). The majority of participants 
(93%) held at least a Bachelor’s degree and had access to college level science courses 
(86%; Table 3.1), compared 67% of Arlington residents who hold bachelor’s degrees or 
higher (US Census 2014). Thus, it seems that participation in the survey or the program 
was skewed toward the area’s older and more highly educated residents.  
7. Non –response assessment 
There were no significant differences in demographics—including age, gender, 
education background, and exposure to college science courses, between post-survey 
respondents and non-respondents (Table 3.1). Item non-response only occurred when an 
individual had already indicated that a type of question did not apply to them. For 
example, when an individual already indicated that they did not have a lawn or eat 
seafood, they selected “NA” in response to questions about their lawn care and seafood 
purchasing habits. In these cases, the “NA” responses were simply removed from 
analyses. Additionally, questions 18 and 19 (about fertilizer preferences) were not 
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included in analyses as only 6 (21%) of people reported using any fertilizers in the pre-
survey. 
Based on t-tests of differences, I found very little variation in responses of new 
and experienced counters (Appendix D). For this reason, the groups were collapsed for 
pre-post-survey comparisons. The remainder of the results will only consider participants 
who completed to both the pre- and post-surveys and will refer to these individuals as 
participants or survey respondents.  
8. Participants’ perceptions of and participation in science 
Participants showed favorable perceptions of science in the pre-surveys and there 
was no change in perceptions for these items before and after participation in MyRWA’s 
Herring Monitoring Program (Table 3.2). Participation in MyRWA’s Herring Monitoring 
Program was associated with higher interest and participation in other citizen science 
programs (Table 3.3 and Figure 3.1). Following the program, participants reported 
increased participation in citizen science programs other than MyRWA’s Herring 
Monitoring Program, (Χ2 = 8.516, P= 0.004) and stronger intentions to participate in 
additional citizen science programs over the following three months (Χ2 = 13.324, P = 
0.010). There was no significant change in participation in non-science related volunteer 
programs (Χ2 = 0.812, P = 0.424). Additionally, in the self-assessment, 67% of 
participants agreed or strongly agreed that they were more interested in participating in 
other citizen science programs as a result of participating in the counting program (Figure 
3.2). However, there was no significant correlation between participant self-assessment 
of their interest in participating citizen science programs and observed pre-post survey 
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changes in their reported participation (r = 0.045, P = 0.815) or their intentions to 
participate in citizen science programs (r = -0.039, P = 0.842). For example, people who 
strongly agreed that they were more interested in participating in other citizen science 
programs as a result of the program did not necessarily change their “no” in response to 
the pre-survey question about whether they intend to participate in citizen science 
programs in the future to a “yes” in the post-survey.   
Overall, participants began the program with a strong understanding that they 
were collecting valuable environmental data that would be used to inform environmental 
policies and this perception did not change much before and after participation in the 
program (Table 3.4). After participation in the 2015 program, there was a small increase 
in agreement that the data being collected would help inform environmental policies 
(t=1.987, P = 0.057).   
9. Participants’ ecological understanding of river herring 
Overall, when they began the program, participants agreed that river herring were 
important to the local food web and that dams caused problems for river herring 
migration. Participants showed no significant change in these opinions in their post-
survey responses (Table 3.5). Participants mildly disagreed that river herring populations 
were healthy at the beginning of the program, and  41%  of participants showed increased 
agreement that river herring populations are healthy after their participation in the 
program  (t = 1.992, P = 0.056)   
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10. Participants’ connection to nature and environmental attitudes  
Participant connection to nature was rated using an abridged Connectedness to 
Nature (CNS) scale (Frantz and Mayer 2014). Participants reported relatively high CNS 
averages at the beginning of the program (mean of 5.2 out of 6) (Table 3.6) and 34% of 
participants reported higher CNS scores following program participation (t = 1.765, P = 
0.089). The most significant change in CNS attitudes was for the statement “I think of 
nature as a family I belong to”; 31% of participants increased their agreement with this 
statement (t = 2.346, P = 0.026).  
Overall, participants began with strong pro-environmental attitudes and 
demonstrated minimal changes over the course of the program (Table 3.7 and Figure 3.3). 
Questions about environmental attitudes were divided into three topics: river herring, 
landscaping, and perceived individual impact. Most of the significant changes in attitudes 
over the course of the program were related to river herring. After the program, 
participants showed increased agreement that preserving river herring could influence 
food choices (31% increased agreement, t=1.867, p = 0.073), that their daily actions 
could influence river herring populations (42% increased agreement, t =2.364, p = 0.026), 
and that preserving river herring is important to food security (34% increased agreement, 
t=2.540, p=0.017).  
11. Participant’s pro-environmental behaviors 
Participants indicated relatively high engagement in pro-environmental behaviors 
in the pre-survey (Table 3.8). After the program, participants exhibited only one 
significant change in reported frequency of conducting listed pro-environmental 
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behaviors (Table 3.8).). Specifically, they reported an increase in frequency of 
participation in outdoor recreation (t = 3.227, P = 0.003). While it is important to note 
that this change in behavior was accompanied by a change in weather (from March to 
July in New England), 60% of participants agreed or strongly agreed they were more 
interested in outdoor recreation after participating in the program (Figure 3.2). Self-
assessment of changes in outdoor recreation and assessed changes from pre-post 
comparisons were mildly correlated (r = 0.313, P = 0.098). Although there was no 
evidence for other behavioral changes (e.g., household environmental behaviors such as 
recycling and using “green” products, lawn care, etc.) in the pre-post survey comparisons 
(Table 3.8), 73% of participants agreed or strongly agreed that they were more likely to 
engage in environmentally sustainable behaviors after participating in the program 
(Figure 3.2).  
Of the 29 participants in the survey, 21 purchased seafood for preparation at home 
while 24 purchased seafood in restaurants. Individuals who indicated they did not eat 
seafood in either the pre or post survey were omitted from analyses. Participants rated the 
importance of freshness, nutritional quality, sustainability rating, responsible fishing, or 
farming practices on a scale where 1 is “not important” and 5 is “very important”. 
Freshness received the highest ratings in both the pre and post surveys for both store-
bought (means: pre = 4.7, post = 4.9) and restaurant seafood (means: pre = 4.4, post = 
4.7), while cost received the lowest ratings (Table 3.9).  For store-bought seafood, 
participants gave more importance to sustainability rating (t=2.041, P = 0.056) and 
freshness (t =1.837, P = 0.083) in the post survey when compared to the pre survey 
(Table 3.9). Participants showed no changes in preferences for nutritional quality, cost, 
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type, and responsible farming or fishing practices in pre-post survey comparisons for 
store-bought seafood (Table 3.9). With regard to restaurant seafood, participants gave 
more importance to freshness (t= 1.809, P =0.083) and cost (t=1.769, P = 0.090) after the 
program compared to before. Participants showed no change in preferences for nutritional 
quality, sustainability rating, responsible farming or fishing practices, and type. 
Assignment of higher importance to sustainability rating is consistent with participant 
self-assessment; 80% of participants agreed or strongly agreed that they were more 
concerned about the sustainability of seafood purchases after participating in the 
program. However, the self-assessment was negatively correlated with observed changes 
in ratings (r = -0.284, P = 0.0264), suggesting a disconnect between participant perceived 
and measured change. 
12. Self-assessment and program evaluation results 
In addition to pre-post comparisons, the post-survey included some questions 
about participant experience with the goal of getting insight into what participants felt 
they gained from the program. In the self-assessment, the majority of participants either 
agreed or strongly agreed that they had experienced changes in environmental behavior 
or attitudes after participating in the program (Figure 3.2). Additionally participants 
indicated a number of benefits from their experience (Table 3.10 and Figure 3.4). People 
were most interested in supporting local science efforts, followed by spending time in 
nature, and learning more about the environment. Most people reported having the 
experiences they hoped for in the pre-survey, especially in relation to learning more about 
the environment, spending time in nature, and getting involved with MyRWA activities. 
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However, 5 of the 28 people (17%) who hoped to support local science efforts did not 
report this as a benefit in the post survey. Similarly 3 of the 9 people (33%) who wanted 
to gain new skills reported that they had not achieved this in the post-survey.  
Participants also made a number of suggestions for program improvement. 
Several (5) of these suggestions fell into the category of being more involved in the 
scientific process, either through suggesting better data collection protocols, requesting 
more info on data analysis, or wanting more information about implications. Others 
requested more opportunities to meet other counters (3), public outreach opportunities 
(2), and updates on program happenings (2). In open ended questions, participants listed 
the most important benefits of the program as being able to spend time outside (14) and 
having an opportunity to see the fish (11).  
3.4 Discussion 
After their participation in MyRWA’s Herring Monitoring program, citizen 
scientists reported better understanding of river herring ecology, stronger interest and 
involvement in other citizen science programs, more frequent engagement in outdoor 
recreation, and a stronger connection to nature. Based on qualitative assessments, citizen 
scientists associated their time counting fish with relaxation and exercise. Citizen 
scientists also demonstrated an interest in collecting more and better data, learning more 
about the data analysis, and generally being more involved in the scientific development 
of the program. These results contribute to the general citizen science literature by 
demonstrating that low time intensity, contributory citizen science programs in urban 
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environments can collect valuable data (Nelson et al. 2011), while helping participants 
connect to the natural environment and engage in more outdoor activities.  
Citizen science programs range not only in topic, but also in level of engagement 
and can be classified as contributory, collaborative, or co-created (Bonney et al. 2009a). 
The majority of projects fit into the contributory or collaborative categories, which both 
are scientist-designed projects to which citizens contribute data (Jordan et al. 2016). 
Collaborative projects differ from contributory projects in that citizens may also play a 
role in project design, data analysis, and dissemination of information. Co-created 
projects, in which citizens scientists play a role at every point in the scientific process 
(Bonney et al. 2009a), tend to have the highest potential for positive social outcomes 
(Shirk et al. 2012, Bonney et al. 2016). Additionally, there is evidence that collaborative 
citizen science projects result in better quality data collection, citizen participation, and 
management of resources (Jordan et al. 2016). Since MyRWA’s program was 
contributory, only limited changes in behavior and attitudes can be reasonably expected. 
When comparing pre- and post-surveys, the majority of changes were found in 
responses to questions that related to the program’s content (facts about or attitudes 
toward river herring) rather than broader scientific or environmental ideas, which is in 
line with what would be expected from a contributory citizen science program (Shirk et 
al. 2012) and the outcomes of other similar contributory data collection based projects 
(Brossard et al. 2005, Evans et al. 2005, Crall et al. 2011, Jordan et al. 2011, Wyles et al. 
2016). For example, participants demonstrated increased understanding of the importance 
of river herring to local food webs and the problems that dams cause for river herring 
migration. Additionally, 100% of participants agreed or strongly agreed that they better 
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understood the role of river herring after participating in the program. Similarly, the only 
significant changes in environmental attitudes were in relation to program content (river 
herring). Specifically, participants recognized that preserving river herring could impact 
food security and that their personal actions could influence river herring. In contrast, 
broader environmental attitudes—for example regarding landscaping, climate change, 
and personal impact on the environment—did not change over the course of the program.  
One unexpected change in content knowledge was the participant increase in 
agreement that river herring populations are healthy. This is especially surprising given 
declining status of regional river herring populations, which was explained in depth 
during the program training. Participant increase in agreement what river herring 
populations are healthy may be due to excitement at seeing a lot of fish or the specific 
location of this program. When river herring migrate through a fish ladder, hundreds of 
fish may swim through at once, which may be more than counters are expecting and may 
falsely suggest a larger population than really exists. Also, while regional river herring 
populations are demonstrating decline, the Mystic River’s annual river herring run has 
seen increases over the past three years. While first time participants would not have seen 
the increases in run size firsthand, MyRWA’s website and training presentation include 
information on past runs and the graph on the website very clearly demonstrates increases 
across time. Thus, the participant assumption that river herring populations are healthy 
can be somewhat rationalized based on the data they are exposed to and the large schools 
of fish swimming up the fish ladder.  
As in other studies (Crall et al. 2011, Wyles et al. 2016), participants reported 
increased participation or intentions to participate in other citizen science programs, 
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which is in accordance with evidence that engaging in one stewardship activity can be 
related to subsequent involvement in other pro-environmental behaviors (Thøgersen and 
Ölander 2003). Perhaps one of the keys to increasing engagement in science and science 
literacy is to get people involved in one program, which may lead to involvement in other 
programs. Similarly, participants in MyRWA’s program showed interest in a more co-
created program. They expressed interest in being more involved in design of data 
collection protocols, specifically in relation to how to best count fish, learning more 
about statistical analysis methods, and generally playing a larger role in the scientific 
process. In another survey of river herring counting programs, which assessed how to 
improve recruitment and retain volunteers, 78% of surveyed monitors were interested in 
expanding their role, whether through identifying new questions, acquiring more 
information through literature reviews or other research, collecting more data, designing 
new data protocols, or helping with data analyses and organization (Smith et al. 2015). 
Participant interest in a co-created program may suggest greater interest in science and 
the scientific process after participating in the program. MyRWA’s program may affect 
more positive social outcomes if the program expands to be more collaborative (Shirk et 
al. 2012).  
Although participants demonstrated increased citizen science participation and 
involvement the scientific process, their broader perceptions of science remained static 
over the course of the program. This is probably because participants began the program 
favorable science perceptions and, for the most part, reported exposure to college level 
science courses. Lack of change in broader scientific attitudes is not surprising, and has 
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been noted in other studies of contributory citizen science programs (Brossard et al. 2005, 
Evans et al. 2005, Crall et al. 2011, Jordan et al. 2011). 
In addition to inspiring further involvement and interest in science, it seems that 
the MyRWA’s program’s most prominent social outcome was in inspiring connection 
with nature in an urban environment. While participants began the program with very 
high CNS scores (mean: 5.2) compared to CNS scores of an ‘average’ population (mean: 
3.7)  (Mayer and Frantz 2004), they did experience a slight but significant increase in 
CNS scores over the course of the program. Participants also reported participating more 
frequently in outdoor recreation after the program. This was corroborated by the self-
assessment, in which the majority of people agreed that they were more interested in 
outdoor recreation as a result of their participation in the program, and by qualitative 
assessment in which a number people listed spending time in nature as one of the most 
important benefits of the program. Half of the program participants noted the value of 
interaction with nature in their post-evaluation of what they liked most about the 
program, saying things like: “I like sitting out on the lake every week, not sure I'd make 
the time to do it without the program” and “I liked having a dedicated time to count 
herring. It forced me to get out. It is too easy to get caught up in other obligations and 
never get outside”. Participant’s in MyRWA’s program expressed that the program 
helped them get outside regularly with a purpose, which likely helps foster their 
connection to nature. Participants in the program live close to the Mystic lakes and other 
green spaces and could easily visit them. However, there is evidence that increasing 
urban green space alone does not result in increased connection to nature, since people 
who are not already interested in nature are unlikely to use green space regularly even if 
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it is nearby and aesthetically pleasing (Lin et al. 2014). MyRWA’s program seems to play 
a vital role in helping participants find time to go outside when they may not have 
otherwise done so, despite the proximity of green spaces. 
Others noted that the program gave them an opportunity to get some exercise or 
relax, saying things like “I have a wonderful cycle to the Upper Mystic Lake and relax 
while counting”. While still another group noted the relaxation they got from 
participation, saying things like “I like getting out in the middle of the workday” and 
“counting fish is my yoga”. Although participation in MyRWA’s program only requires 
10-15 minutes of outdoor activity at a time, being in nature for only ten minutes has been 
shown to reduce (Hartig et al. 2003) and enhance psychological well-being (Shanahan et 
al. 2015). Feelings of relaxation and emotional well-being have also been associated with 
other outdoor citizen science programs (Koss and Kingsley 2010, Wyles et al. 2016).  
The opportunity to observe wildlife was equally exciting to participants; almost 
half the participants listed one of their favorite gains as simply “seeing the fish”. Given 
MyRWA’s urban location, the program provides a unique opportunity for participants to 
get outside and see wildlife. Generally, urbanization has been associated with a 
separation from nature and reduced opportunities to see wildlife due to lower biodiversity 
(Turner et al. 2004). Given that interactions with nature are more often happening in 
urban environments, there is some discussion of how to connect people to “mundane 
nature” which refers to nature that people see each day in urban environments (Newman 
and Dale 2013, Richardson et al. 2015). In a study exploring which items of “mundane 
nature” most reliably helped people connect to their natural environment, observing 
wildlife was one of the highest listed aspects (Richardson et al. 2015).  
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Based on these results, it seems that engagement with nature may be an 
underemphasized outcome of citizen science programs, especially programs in urban 
settings. Giving city dwellers an excuse to spend time outside as part of an educational 
program seems have played a role in changing their feelings of connection to nature 
(Nisbet et al. 2008). MyRWA’s’ program also seems to have provided participants with 
an opportunity to engage with nature, see wildlife, and relax. Participants in other urban 
citizen science programs also reported that their interest in participating was motivated by 
their own personal well-being, seeing a study species, and contributing to the greater 
good (Hobbs and White 2016). Similarly, in another study, volunteer reasons for 
participating in a citizen science program were not in agreement with the program’s 
scientific goals  or educational goals, but were instead rooted in personal desire for 
entertainment or time outdoors (Wald et al. 2016).  
Increased connection to nature and pro-environmental attitudes has been reported 
by participants in other citizen science programs where there are requirements to spend 
time outside (Brossard et al. 2005, Bonney et al. 2009b, Dickinson et al. 2012, Louv et al. 
2012). Encouraging people to develop a stronger connection to nature is becoming more 
important as growing urbanization further distances people from the natural world 
(Turner et al. 2004, Miller 2005, Kareiva 2008, Soga and Gaston 2016). Increasing public 
disconnection from nature is may become a public health issue, since engagement with 
nature is connected with many health benefits (Shanahan et al. 2015). Connection with 
nature is also critical for  conservation (Miller 2005, Balmford and Cowling 2006, 
Kareiva 2008), since people who are not connected to nature are unlikely to value nature 
(Bixler et al. 2002, Ewert et al. 2005) and are thus unlikely to want to protect natural 
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areas (Wells and Lekies 2006, Ward Thompson et al. 2007, Kareiva 2008, Soga and 
Gaston 2016). Since MyRWA’s program is in an urban areas and requires regular 
outdoor participation, it has the potential to help break this feedback loop and encourage 
connection to nature though stewardship.  
 While the only changes in pro-environmental behavior based on pre-post 
comparisons were increased participation in citizen science programs and outdoor 
recreation, in the self-assessment the majority of participants reported increased 
intentions to engage in environmentally sustainable behaviors and purchase sustainable 
seafood as a result of the program. This disconnect may be due to the reliability of our 
survey instrument or a problem of self-perception. It is likely that self-assessment results 
were not a strong predictor of behavioral change because of the limited observed change 
or because people were engaging in behaviors that were not specifically mentioned in the 
Likert-scale questions. Additionally, participants had a four month gap between the pre 
and post surveys, so they may have forgotten the answers they noted in the pre-survey. 
Loss of content knowledge after the end of program involvement was noted in other 
study, though duration of content retention varies. In one study, change was most 
prominent in a survey given a week after a one day event, and then diminished in a 
survey given two weeks later (Wyles et al. 2016). In contrast, Jordan et al. (2011) noted 
increased content knowledge up to 6 months after the program occurred. Participants in 
MyRWA’s program were engaged in the program up until the administration of the post-
survey, so loss of content knowledge is unlikely. Lack of change may also be due to the 
study’s relatively small sample size; however, the response rates are comparable to those 
in other citizen science program surveys (Brossard et al. 2005, Jordan et al. 2011).  
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One additional consideration is that we pooled new participants in the program 
and participants returning after one year. New and returning participants showed few 
differences in demographics and changes in attitudes or behavior during the program (See 
Appendix 3).  This lack of difference suggests either that participants begin the program 
with high knowledge or retention of learning after program participation may be low and 
is cause for further investigation of the long term social outcomes of citizen science 
programs. Additionally, it is possible that since MyRWA’s program requires a relatively 
low time investment, the associated educational impacts are lower than in other 
programs. Our study sample size, especially for a comparison of new and returning 
counters, was also quite small, and a larger sample size would be necessary to make a 
productive comparison.  
While there was little general change in environmental attitudes based on our 
survey, it is important to keep in mind the services this program provides in terms of 
connecting urban citizens to nature and science and providing valuable data. Clearly the 
program plays an important role in the lives of participants and draws them closer to 
nature. Encouragement of connection to nature may be an unexplored and 
underappreciated outcome of citizen science programs, especially those in urban 
environments. If citizen science programs alter their messaging to emphasize not only the 
scientific impact of their programs, but also the opportunity to see wild animals or plants 
and be outdoors, they may attract a broader and more diverse audience. Similar 
messaging ideas were suggested in a broader survey of river herring count program 
management (Smith et al. 2015). Further evaluation of the health benefits of citizen 
science involvement, like building an exercise routine around the activity, increased 
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participation in outdoor recreation, and stress reduction, would add to our understanding 
of the social outcomes of these types of programs.  
13. Future Directions 
Additional research of citizen science programs is required to better understand 
their behavioral and social implications and the duration of learning retention as a result 
of participation. This could be achieved by more pre-post evaluations of citizen science 
programs that include behavioral questions, perhaps accounting or a broader range of 
behavior or asking participants open-ended questions about the environmental behaviors 
in which they engage. Participant interviews may also be helpful in getting more 
information about personal changes in behavior. More long term studies of citizen 
science participants and programs would provide more information about information 
retention. Additionally, the lack of correlation between self-assessment of change and 
measured change suggests that the survey instrument may lack precision and there is a 
need to develop better survey instruments for these program evaluations. For example, 
more qualitative research, in the form of interviews or open-ended questions, may 
provide more insight into what kinds of changes participants are experiencing over the 
course of various programs. That information could be used to develop better targeted 
quantitative assessments. Finally, citizen science programs and evaluators of such 
programs should recognize a broader range of social outcomes from programming. 
Exposure to nature, health and wellness benefits, and building community seem to be 
important outcomes of these programs that have not been well studied. Exposure to 
nature and community may especially important for urban citizen science programs, 
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which also play a vital role in connecting our growing urban populations to nature. 
Exploring the broader range of social outcomes from citizen science programs may help 
managers to better understand the motivation of citizen science participants, reach a 
broader audience, and have a more measurable and sustaining impact.   
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Table 3.1: Demographic information for survey respondents (those who completed both 
the pre-survey and post survey) and post-survey non-respondents and chi-square 
statistics. 
Variable Levels 
Survey 
respondents                 
(n = 29) 
 Post-survey              
non-respondents 
(n=29) 
 
Comparison of 
respondents and 
non-respondents 
   
Number Percent   Number Percent    χ² P 
Gender 
Male 13 45  13 46  
1.362 0.243 Female 15 52  16 57  
Unlisted 1 3   0 0   
Age 
18-24 2 7  3 11  
24.048 0.108 
25-34 0 0  1 4  
35-44 7 24  6 21  
45-54 5 17  9 32  
55-64 7 24  7 25  
65-74 7 24  3 11  
75 + 0 0  0 0  
Declined 1 3   0 0   
Education 
8th grade or 
lower 0 0  0 0  
13.863 0.536 
Some high 
school 0 0  2 7  
Some college 0 0  3 11  
Trade/technical/
vocational  0 0  1 4  
Associate or 
Professional 
degree 
1 3  13 46  
Bachelor’s 
degree 12 41  9 32  
Master’s degree 9 31  1 4  
Doctorate 
degree 6 21  0 0  
Prefer not to 
respond 1 3   0 0   
College 
level 
science 
exposure 
None 4 14  4 14  
14.515 0.56 
Non-biology 
science courses 6 21  2 7  
Biology courses 11 38  14 50  
BSc. in science 5 17  6 21  
Graduate degree 
in biology 3 10   3 11   
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Table 3.2: Participant science perceptions and attitudes before and after the program (n = 
29) including mean scores before and after the program, the number and percent (# (%)) 
of individuals who increased (↑) or decreased their scores (↓), the results of a paired t-
test, Cohen’s d effect sizes, and results of linear regressions comparing each item with 
“college level science exposure” as a predictor. Participants rated their agreement with 
each statement on a scale of 1 to 6 (1= strongly disagree, 2 = somewhat disagree, 3 = 
mildly disagree, 4 = mildly agree, 5 = somewhat agree, 6 = strongly agree).  
Statement Mean ↑ ↓ Paired pre/post t-test 
Effect 
size 
Correlation with 
science 
background 
 Pre Post #(%) #(%) t P d r P 
1. Science is a part of 
my daily life 5.1 5.2 7 (24%) 6 (21%) 0.273 0.787 -0.036 -0.088 0.650 
2. It is not important 
for me to know about 
science in my daily life 
1.6 1.7 1 (3%) 3 (10%) 0.571 0.573 -0.085 0.175 0.363 
3. Science has created 
as many problems for 
society as it has 
solutions 
2.5 2.4 9 (31%) 7 (24%) 0.328 0.745 -0.068 0.213 0.267 
4. Scientific research is 
essential for improving 
the quality of human 
lives. 
5.8 5.8 5 (13%) 3 (10%) 0.297 0.769 -0.079 0.025 0.416 
*** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05, ^ indicates P < 0.10 
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Table 3.3: Participant involvement in other citizen science programs before and after 
participation in the MyRWA herring monitoring program (n=29) including numbers of 
‘yes’, ‘no’, and ‘maybe’ answers, chi-squared tests result comparing pre-and post-
surveys, and Cramer’s V effect sizes.  
  # Yes  # Maybe # No      
 Pre Post Pre Post Pre Post X2 P V 
1. Other than the herring count, are you 
currently involved in other citizen science or 
environmental volunteer programs? 
11 16 NA NA 18 13 8.516 0.004** 0.613 
2. Do you intend to participate in any other 
citizen science programs or environmental 
programs? 
9 16 14 9 6 4 13.324 0.010* 0.479 
3. Are you involved in any non-science 
related volunteer programs? 14 12 NA NA 15 17 0.812 0.424 0.447 
*** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05, ^ indicates P < 0.10 
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Table 3.4: Participant perceptions of contribution to scientific research (n=29), including 
mean scores before and after the program, the number of individuals who had an increase 
in scores (↑), the number of individuals who had a decrease in scores (↓). Results also 
reported for paired t-tests and associated Cohen’s d effect sizes. Participants rated their 
agreement with each statement about river herring ecology on of 1 to 6 (1= strongly 
disagree, 2 = somewhat disagree, 3 = mildly disagree, 4 = mildly agree, 5 = somewhat 
agree, 6 = strongly agree). 
  Mean ↑ ↓ Paired t-test  Effect size 
 Statement Pre Post # (%) 
# 
(%) t P d 
1. I am involved in helping collect valuable 
environmental data. 5.6 5.6 4 7 0.528 0.602 0.146 
2. Data collected in this project will help inform 
environmental policies. 5.3 5.7 6 1 1.987 0.057^ 0.426 
. *** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05, ^ indicates P < 0.10 
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Table 3.5: Participant understanding of river herring ecology before and after the 
program (n = 29), including mean scores before and after the program, the number and 
percent (# (%)) of individuals who increased (↑) or decreased their scores (↓), the results 
of a paired t-test, and Cohen’s d effect sixes. Participants rated their agreement with each 
statement on a scale of 1 to 6 (1= strongly disagree, 2 = somewhat disagree, 3 = mildly 
disagree, 4 = mildly agree, 5 = somewhat agree, 6 = strongly agree). 
   
 Mean ↑ ↓    
 Pre Post # (%) # (%) t P d 
1. River herring populations are healthy. 2.6 3 12(41) 4(14) -1.992 0.056^ 0.370 
2. River herring are important to the local food web. 5.5 5.8 7(24) 3(10) -1.394 0.174 0.259 
3. Dams cause problems for river herring migration 5.6 5.9 6(21) 2(7) -1.440 0.161 0.267 
*** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05, ^ indicates P < 0.10 
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Table 3.6: Participant “Connectedness to Nature Scale (CNS)” scores before and after 
the program (n=29), including mean scores before and after the program, the number of 
individuals who had an increase in scores (↑), the number of individuals who had a 
decrease in scores (↓), results of t-tests, and associated Cohen’s d effect sizes. 
Participants rated their agreement with each CNS statement on a scale of 1 to 6 (1= 
strongly disagree, 2 = somewhat disagree, 3 = mildly disagree, 4 = mildly agree, 5 = 
somewhat agree, 6 = strongly agree). 
 Mean ↑ ↓    
 Pre Post # (%) # (%) t P d 
1. I often feel a strong connection to nature. 5.4 5.7 6(21) 2(7) 1.612 0.118 0.299 
2 .I think of nature as a family I belong to. 4.6 5.2 9(31) 3(10) 2.346 0.026* 0.436 
3. I feel that all living things in this world are connected, 
and I am a part of that. 5.3 5.6 4(14) 2(7) 0.516 0.610 0.096 
4. I see myself as a part of the greater circle of life. 5.3 5.4 5(17) 4(14) 0.571 0.573 0.106 
5. Like the trees in the forest, I feel I belong to nature. 5.1 5.3 6(21) 4(14) 1.158 0.257 0.215 
6. CNS Averages 5.2 5.5 10(34) 5(17) 1.765 0.089 0.328 
*** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05, ^ indicates P < 0.10.   
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Table 3.7: Participant environmental attitudes before and after the program (n=29) 
including mean scores before and after the program, the number of individuals who had 
an increase in scores (↑), the number of individuals who had a decrease in scores (↓), 
results of t-tests, and associated Cohen’s d effect sizes. Participants rated their agreement 
with each attitudinal statement on a scale of 1 to 6 (1= strongly disagree, 2 = somewhat 
disagree, 3 = mildly disagree, 4 = mildly agree, 5 = somewhat agree, 6 = strongly agree). 
  Mean ↑ ↓      
  Pre Post # (%) # (%) t P d 
River herring              
1. Preserving river herring could influence the food 
choices available to me now and in the future. 5.1 5.2 9(31) 3(10) 1.867 0.073^ 0.353 
2. Preserving river herring is important because 
recreational fishermen can use them as bait. 3 3.4 14(48) 7(24) 1.011 0.322 0.194 
3. My daily actions could influence river herring 
populations. 4.6 5 12(42) 4(14) 2.364 0.026* 0.277 
4. River herring are important to the New England 
economy. 5 5.3 8(28) 4(14) 1.492 0.148 0.287 
5. Preserving river herring is important to food 
security. 5.1 5.4 10(34) 2(7) 2.540 0.017* 0.480 
Landscaping              
6. When making landscaping choices, landowners 
should consider their environmental impact. 5.6 5.7 1(3) 5(17) 0.000 1.000 0.000 
7. Using pesticides and fertilizers on private 
property does not influence anyone else. 1.3 1.2 3(10) 4(14) 0.593 0.558 0.110 
8. I am not concerned about water resources in 
Massachusetts.  2.1 1.6 7(24) 9(31) 1.607 0.119 0.298 
Perceived Individual Impact               
9. My individual behaviors have a public impact. 5.5 5.5 5(17) 5(17) 0.000 1.000 0.000 
10. My private behaviors and activities have a 
global impact. 5.2 5.2 5(17) 5(17) 0.493 0.626 0.092 
11. Creating a sustainable future is not my 
responsibility 1.3 1.4 6(21) 3(10) 1.000 0.326 0.186 
12. I feel a growing obligation to improve the 
environment’s health. 5.5 5.4 5(17) 4(14) 0.000 1.000 0.000 
*** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05, ^ indicates P < 0.10. 
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Table 3.8: Participant reported pro-environmental behavior before and after the program 
(n=29), including mean scores before and after the program, the number of individuals 
who had an increase in scores (↑), the number of individuals who had a decrease in scores 
(↓), results of t-tests, and associated Cohen’s d effect sizes. Participants rated their 
intentions to perform the listed behaviors for three months following the survey. 
Intentions were ranked on scale from “never” to “very often” (1 = never, 2 = 
infrequently, 3 = once in a while, 4 = sometimes, 5 = often, 6 = very often). 
 
Mean ↑ ↓    
 Pre Post # (%) # (%) t P d 
1. Talk to others (e.g., family, friends, neighbors, 
colleagues) about science and the environment. 4.2 4.3 7(24) 6(21) 0.107 0.916 0.020 
2. Read science or environment related articles. 4.6 4.8 8(28) 8(28) 0.902 0.375 0.168 
3. Attend events to voice my support for water 
conservation. 2.4 2.9 11(38) 7(24) 1.633 0.114 0.303 
4. Buy seafood that is rated “sustainable,”” even if 
it costs more. 4.1 4.1 6(21) 4(14) 0.529 0.602 0.256 
5. Buy green cleaning/detergent products even if 
they cost more 3.9 4.1 12(41) 5(17) 1.353 0.187 0.256 
6. Buy “green” fertilizer or pesticide products even 
if they cost more a. 3.8 3.7 5(29) 5(29) 0.460 0.652 0.089 
7. Recycle household items. 5.9 5.6 1(3) 6(21) 1.690 0.103 0.331 
8. Bring reusable bags to the grocery store. 5.3 5.5 5(17) 4(14) 1.044 0.306 0.205 
9. Chose an alternative method of transportation 
(biking, public transit, walking) over driving. 4.5 4.6 7(24) 5(17) 0.779 0.442 0.145 
10. Compost household waste. 4.4 4.2 3(10) 3(10) 0.721 0.478 -0.141 
11. Participate in outdoor recreation b. 4.9 5.9 14(48) 3(10) 3.227 0.003** 0.599 
a For item 6, n=17 (all). b For item 11, the scale is 1= never, 2=less than once a month, 3= once a month, 4 = 
2-3 times a month, 5 = once a week, 6 = 2-3 times a week, 7 = daily). *** indicates P < 0.001, ** indicates 
P < 0.01, * indicates P < 0.05, ^ indicates P < 0.10. 
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Table 3.9: Participant seafood purchasing preferences for preparation at home (n = 24) 
and consumption at restaurants (n = 27) including mean scores before and after the 
program, the number of individuals who had an increase in scores (↑), the number of 
individuals who had a decrease in scores (↓), results for paired t-tests, and associated 
Cohen’s d effect sizes. Participants rated the level of importance of various factors from 
1-5 (1= not important, 2 = not very important, 3= a little bit important, 4 = somewhat 
important, 5= very important).  
 Applicable survey responses ( n = 21)  
Store-bought seafood  Mean ↑ ↓      
  Pre Post # (%) # (%) t P d 
Nutritional Quality 4.3 4.4 4(17) 4(17) -0.418 0.681 0.093 
Cost 3.8 3.8 5(21) 2(8) 0.203 0.841 0.045 
Freshness 4.7 4.9 3(13) 0(0) -1.837 0.083^ 0.421 
Sustainability rating 4 4.1 6(25) 1(4) -2.041 0.056^ 0.468 
Responsible farming or fishing practices 4 4.2 5(21) 4(17) -0.567 0.577 0.206 
Type 4.3 4.3 3(13) 5(21) 0.524 0.607 0.127 
Restaurant seafood Applicable survey responses (n=24)  
  Mean ↑ ↓      
  Pre Post # (%) # (%) t P  
Nutritional Quality 4 4 7(26) 7(26) -0.592 0.559 0.118 
Cost 3.6 3.9 8(30) 3(11) -1.769 0.090^ 0.354 
Freshness 4.4 4.7 7(26) 2(7) -1.809 0.083^ 0.362 
Sustainability rating 3.8 3.9 6(22) 4(15) -1.000 0.328 0.204 
Responsible farming or fishing practices 3.7 4 8(30) 5(19) -1.297 0.207 0.265 
Type 4.4 4.3 6(22) 6(22) 0.000 1.000 0.000 
*** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05, ^ indicates P < 0.10. 
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Table 3.10: Number and percent of participants who wanted a certain experience and 
received it during the program (n=29).  
 
  
Program Experience 
Wanted this experience 
in the pre-survey 
Had this experience in the 
post-survey 
Learn more about the environment 20 (69%) 20(69%) 
Meet other people who are interested in the 
environment 
16 (55%) 17 (59%) 
Spend time in nature 24 (83%) 26 (90%) 
Support local science efforts 28 (97%) 24 (83%) 
Get involved in MyRWA activities 17 (59%) 18 (62%) 
Spend time with family 2 (6%) 4 (14%) 
Gained new skills  9 (31%) 6 (21%) 
Completed volunteer hours  1 (3%) 5 (17%) 
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Figure 3.1: Participant interest and involvement in citizen science before and after the 
program (n = 29). There was a significant difference in responses for questions 1 and 2 at 
p<0.05.  
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Figure 3.2: Self-assessment for survey respondents following their participation in the 
program (n= 29).  
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Figure 3.3: Mean participant environmental attitudes before and after the program 
(n=29). Error bars indicate standard deviation. ^indicates p<0.10. *indicates p<0.05 
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7. Using pesticides and fertilizers on private property
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8. I am not concerned about water resources in
Massachusetts.
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impact.
11. Creating a sustainable future is not my
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Figure 3.4: Desired and reported experiences over the course of the program. 
Participants selected any or all experiences they wanted to have during the program in the 
pre-survey and reported selected the experiences they had in the post survey.  
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CHAPTER 4 
CONCLUSION 
 
This work contributes to the broader field of anadromous fish life history by 
adding to our basic understanding of what factors influence reproductive success. Results 
from Chapter 2 provide new information about river herring reproduction. I showed that 
both male and female river herring tended to have multiple mates, something that was not 
previously known in the literature. River herring reproductive success was positively 
associated with larger size, earlier arrival, being female (vs male), and being a pure 
alewife (vs blueback herring or hybrid). While larger body size and earlier arrival time 
have already been associated with higher reproductive success in salmonids (Dickerson et 
al. 2005), these concepts have not been widely explored in iteroparous anadromous fish 
species, like river herring. Individuals mated with others arriving later in the season, 
supporting other new studies by colleagues (Rosset 2016) suggesting that river herring 
remain in the spawning ground for weeks to months after migrating. Evidence for 
multiple spawning events over time also supports new findings that river herring may be 
asynchronous rather than synchronous spawners, as previously thought (Ganias et al. 
2015). Small full-sibling families were prevalent and there was a high correlation 
between the number of mates and offspring per individual, suggesting a flexible mating 
system. While my study considers only one population in a very unique system, it 
provides a base for further exploration of individual variation in reproduction among 
iteroparous anadromous fish species.  
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My work also contributes to development of accurate freshwater productivity 
predictions, which are needed to develop more advanced stock-recruitment models and 
understand factors influencing river herring declines (ASMFC 2012). Specifically, the 
relationships I found between reproductive success and spawning arrival time, body size, 
number of mating events, sex, and species can be directly incorporated into fisheries 
models which will allow managers to estimate population sizes and productivity for 
target watersheds. Productivity and population estimates will be useful in making 
management decisions about which rivers to focus on for conservation and stocking and 
will help in recovering populations.  
Results from Chapter 3 provide insight into the educational outcomes of citizen 
science programs. After participation in the MyRWA’s Herring Monitoring program, 
participants reported a better understanding of river herring ecology, more interest and 
involvement in other citizen science programs, more frequent engagement in outdoor 
recreation, and a stronger connection to nature. Citizen scientists associated their time 
counting fish with relaxation and exercise. Surveyed citizen scientists also reported 
interest in collecting more data, finding ways to improve data collection processes, 
learning more about the data analysis, and generally being more involved in the scientific 
development of the program. These results add to the general citizen science literature by 
providing an additional case study to the field in an urban citizen science program. My 
results also demonstrate that, in addition to contributing valuable data to scientific efforts, 
low time intensity citizen science programs in urban environments can encourage 
participant connection to nature and engagement in outdoor activities and help 
participants connect to the environment and engage in more outdoor activities.    
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Citizen interest in scientific development could be harnessed to improve the 
accuracy of citizen counting programs and to collect additional data to answer questions 
about river herring reproductive biology. Data from citizen science groups already 
provides valuable information about the annual herring run, including starting and peak 
dates, which could be incorporated into fisheries models based on my results. 
Additionally, scientists may consider greater involvement with citizen science groups at 
all phases of project development to address new research questions. For example, one 
gap in our understanding of these fish is when the adults and juveniles leave the ponds. It 
is possible that with the appropriate training and equipment, citizen scientists who have 
been trained to count fish entering a fish ladder could potentially monitor fish leaving a 
pond. In addition to contributing to data collection and research efforts, involving citizen 
scientists in the development new research programs would satisfy their interest in the 
process and could strengthen their science literacy and connection to nature. Another gap 
in knowledge is in relation to how annual run timing is responding to climate 
fluctuations; citizen groups like MyRWA are collecting data on local weather conditions 
during each sampling session. This information could be used to address questions about 
how climate fluctuations are influences phenology, specifically to determine how river 
herring migration timing relates to weather conditions and how this may be influenced by 
changing climate conditions.  
The trends I found in river herring reproductive success suggest that sheer 
numbers of fish arriving to spawn may not be indicative of the reproductive output of the 
run. In addition to actual run size estimates, sex composition, size, species, and arrival 
times are important in predicting reproductive output of a river herring migration. 
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Collecting this information for each fish entering a pond is not feasible. It is also unlikely 
that state fisheries biologists or citizen scientists would be able to collect these metrics on 
their own for more than few systems. At present, MDMF collects demographic data in six 
sentinel watersheds across the state (B. Gahagan, MDMF, personal communication, 
2016). Expanding these monitoring efforts could be made possible by working with 
citizen scientists to collect migrating fish to obtain data on size, sex composition and 
species composition. 
In addition to involving citizens directly in sampling efforts, inviting herring 
monitors to watch sampling would also satisfy their interest in learning more about 
current river herring research. Similarly, effective communication of findings is 
extremely important to keep citizen scientists informed about how and where their data is 
being used and what management efforts are occurring. Effective communication of 
findings was also found to be important in a study investigating best management 
practice for citizen herring count programs in New England (Smith et al. 2015).  
Engaging the public more intentionally in river herring research could allow for 
better data quality and expanded research efforts that would help answer new questions 
and may promote river herring conservation efforts. With citizens’ help collecting 
valuable annual river herring count data, managers and scientists are learning more about 
the behavior (e.g., migration timing) and productivity of river herring in freshwater. More 
data about the freshwater portion of the river herring life cycle will be helpful in 
monitoring and managing at risk watersheds. Involving citizens in the collection of new 
data and development of new questions and would further increase their feelings of 
connection to nature and science. This increased connection to nature and development of 
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collaborative relationships between citizen scientists and fisheries biologists may 
encourage citizens to engage more in the conservation of the river herring through 
involvement in public and policy forums. For example, some members of MyRWA have 
become very involved in efforts to remove a dam on the Mystic River, partly as a result 
of their experience with the program. While basic ecological research plays a very 
important role in identifying conservation problems and solutions, conservation efforts 
cannot be taken unless the public and policymakers are well informed and willing to 
participate. In this case, river herring citizen monitoring programs have the potential to 
forge connections between state fisheries biologists and the general public, which could 
ultimately lead to greater public interest in conservation, science efforts, and effort 
towards rehabilitating valuable river herring populations. 
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APPENDIX A 
HARDY-WEINBERG RESULTS
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Table A.1: Summary of genetic variation within adult alewives transported in 2013 from the Parker River to Pentucket Pond 
in Georgetown, MA.  
 All Adults Pure Alewife 
Locus A H0 HE 
FIS 
(W&C) 
FIS 
(R&H) SE 
p-
value  A H0 HE 
Fis 
(W&C) 
Fis 
(R&H) SE 
p-
value  
Aa081 7 0.741 0.739 -0.004 -0.006 0.007 0.942  6 0.738 0.736 -0.003 -0.006 0.008 0.911  
Aa074 9 0.746 0.754 0.011 -0.007 0.007 0.040 * 9 0.743 0.752 0.013 -0.006 0.005 0.028  
Ap058 6 0.418 0.426 0.019 0.025 0.005 0.023 * 4 0.413 0.417 0.010 -0.002 0.013 0.343  
Ap038 3 0.361 0.354 -0.020 0.051 0.004 0.048 * 3 0.358 0.345 -0.037 0.046 0.003 0.035  
Aa082 7 0.086 0.166 0.484 0.293 0.000 <0.001 *^ 5 0.077 0.150 0.488 0.351 0.000 <0.001 *^ 
Ap010 9 0.755 0.761 0.007 0.024 0.016 0.173  9 0.760 0.760 0.001 0.017 0.018 0.203  
Aa082.New 5 0.553 0.565 0.021 0.100 0.014 0.222  4 0.553 0.562 0.015 0.001 0.001 0.984  
Aa046 5 0.437 0.454 0.038 0.172 0.001 <0.001 *^ 3 0.435 0.445 0.023 0.012 0.013 0.703  
Aa091 6 0.644 0.621 -0.037 -0.011 0.018 0.293  6 0.644 0.618 -0.043 -0.014 0.016 0.371  
Ap070 4 0.494 0.502 0.015 0.169 0.001 <0.001 *^ 2 0.493 0.496 0.006 0.006 0.002 0.921  
Aa070 9 0.523 0.523 0.001 0.017 0.026 0.312  9 0.522 0.514 -0.014 0.004 0.027 0.372  
Aa093 7 0.504 0.492 -0.023 -0.015 0.014 0.117  6 0.498 0.486 -0.024 -0.017 0.021 0.644  
Ap071 6 0.606 0.061 0.011 0.017 0.012 0.043 * 4 0.601 0.607 0.011 0.032 0.012 0.177  
Ap033 9 0.798 0.777 -0.027 0.039 0.008 0.030 * 6 0.798 0.774 -0.032 -0.019 0.018 0.383  
Aa004 5 0.017 0.021 0.218 0.000 0.000 <0.001 *^ 2 0.005 0.005 -0.001 -0.001 0.000 1.000  
Aa039 8 0.575 0.642 0.105 0.120 0.000 <0.001 *^ 7 0.575 0.637 0.098 0.046 0.004 0.016 *^ 
For each locus, the number of alleles (A), observed heterozygosity (H0) expected heterozygosity (HE), FIS estimates for Weir 
and Cockerhams (FIS (W&C ) and Robertson and Hill’s (FIS (R&H)), standard error (SE) for FIS estimates and the associated p-
value. ‘*’ indicates significance at p<0.05 and ‘*^’ indicates significance at p<0.05 with sequential Bonferonni correction. 
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Table A.2: Summary of genetic variation within adult alewives transported in 2014 from the Parker River to Pentucket Pond 
in Georgetown, MA.  
 
 All adults Pure Alewife 
Locus A H0 HE 
Fis 
(W&C) 
Fis 
(R&H) SE p-value  A H0 HE 
Fis 
(W&C) 
Fis 
(R&H) SE p-value  
Aa081 7 0.711 0.763 0.070 0.103 0.000 <0.001 *^ 6 0.745 0.726 -0.026 0.000 0.017 0.699  
Aa074 9 0.718 0.749 0.041 0.032 0.019 0.209  9 0.736 0.738 0.002 -0.010 0.020 0.599  
Ap058 16 0.496 0.566 0.123 0.165 0.000 <0.001 *^ 5 0.414 0.412 -0.003 -0.005 0.011 0.831  
Ap038 3 0.353 0.460 0.232 0.176 0.000 <0.001 *^ 3 0.332 0.341 0.026 -0.009 0.005 0.155  
Aa082 12 0.233 0.466 0.501 0.276 0.000 <0.001 *^ 7 0.159 0.345 0.539 0.344 0.000 <0.001 *^ 
Ap010 12 0.703 0.826 0.149 0.072 0.000 <0.001 *^ 9 0.745 0.787 0.053 0.018 0.020 0.340  
Aa082.Ne
w 5 0.496 0.499 0.006 0.135 0.001 0.005 *^ 5 0.595 0.551 -0.081 -0.034 0.016 0.637  
Aa046 5 0.440 0.557 0.210 0.426 0.000 <0.001 *^ 3 0.459 0.436 -0.053 0.467 0.000 0.001 *^ 
Aa091 8 0.624 0.654 0.046 -0.004 0.020 0.197  6 0.632 0.623 -0.015 -0.023 0.014 0.725  
Ap070 9 0.583 0.605 0.037 0.073 0.000 <0.001 *^ 4 0.532 0.510 -0.042 -0.017 0.012 0.119  
Aa070 9 0.598 0.648 0.078 0.089 0.001 0.001 *^ 8 0.586 0.572 -0.025 -0.017 0.010 0.921  
Aa093 9 0.530 0.647 0.181 0.221 0.000 <0.001 *^ 6 0.495 0.534 0.072 0.036 0.015 0.269  
Ap071 10 0.628 0.678 0.075 0.038 0.000 <0.001 *^ 5 0.595 0.630 0.056 0.029 0.010 0.130  
Ap033 11 0.722 0.813 0.112 0.128 0.000 <0.001 *^ 6 0.745 0.770 0.032 0.016 0.012 0.196  
Aa004 7 0.113 0.246 0.543 0.181 0.000 <0.001 *^ 1 0.000 0.000 - - - - - 
Aa039 8 0.564 0.722 0.219 0.284 0.000 <0.001 *^ 7 0.614 0.654 0.061 0.221 0.001 0.003 *^ 
For each locus, the number of alleles (A), observed heterozygosity (H0) expected heterozygosity (HE), FIS estimates for Weir 
and Cockerham’s (FIS (W&C)) and Robertson and Hill’s (FIS (R&H)), standard error (SE) for FIS estimates and the associated 
p-value are included. ‘*’ indicates significance at p<0.05 and ‘*^’ indicates significance at p<0.05 with sequential Bonferroni 
correction. 
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Table A.3: Summary of genetic variation within adult alewives transported in 2015 from the Parker River to Pentucket Pond 
in Georgetown, MA.  
 
 All Adults Pure Alewife 
Locus A H0 HE 
Fis 
(W&C) 
Fis 
(R&H) SE 
p-
value  A H0 HE 
Fis 
(W&C) 
Fis 
(R&H) SE 
p-
value  
Aa081 9 0.747 0.743 -0.005 0.018 0.022 0.178  6 0.738 0.733 -0.008 -0.013 0.002 0.986  
Aa074 11 0.752 0.755 0.005 0.101 0.025 0.719  9 0.755 0.749 -0.007 -0.001 0.005 0.977  
Ap058 17 0.425 0.449 0.053 0.136 0.000 0.000 *^ 6 0.409 0.412 0.007 -0.001 0.025 0.414  
Ap038 6 0.327 0.359 0.089 0.013 0.000 0.000 *^ 4 0.305 0.334 0.087 0.028 0.014 0.326  
Ap010 17 0.747 0.808 0.076 0.148 0.000 0.000 *^ 9 0.785 0.779 -0.007 -0.011 0.007 0.947  
Aa082.New 15 0.521 0.610 0.146 0.107 0.000 0.000 *^ 4 0.523 0.547 0.044 0.032 0.010 0.198  
Aa046 9 0.442 0.466 0.050 0.169 0.000 0.000 *^ 8 0.425 0.441 0.035 0.006 0.014 0.933  
Aa091 10 0.649 0.670 0.032 0.013 0.000 0.000 *^ 8 0.657 0.666 0.013 0.000 0.008 0.035 * 
Ap070 9 0.536 0.520 -0.030 0.025 0.000 0.000 *^ 2 0.526 0.495 -0.062 -0.062 0.008 0.251  
Aa070 12 0.511 0.539 0.052 0.105 0.000 0.000 *^ 9 0.493 0.504 0.022 -0.003 0.006 0.032 * 
Aa093 9 0.484 0.517 0.064 0.012 0.000 0.001 *^ 5 0.469 0.491 0.046 0.024 0.014 0.700  
Ap071 10 0.565 0.637 0.113 0.143 0.000 0.000 *^ 5 0.553 0.624 0.114 0.079 0.002 0.007 *^ 
Ap033 12 0.794 0.784 -0.013 0.099 0.000 0.000 *^ 6 0.785 0.771 -0.018 -0.012 0.008 0.901  
Aa004 8 0.047 0.074 0.373 0.290 0.000 0.000 *^ 4 0.014 0.014 -0.003 -0.001 0.000 1.000  
Aa039 8 0.641 0.684 0.063 0.183 0.000 0.000 *^ 7 0.649 0.679 0.045 0.130 0.002 0.009 *^ 
For each locus, the number of alleles (A), observed heterozygosity (H0) expected heterozygosity (HE), FIS estimates for Weir 
and Cockerham’s (FIS (W&C)) and Robertson and Hill’s (FIS (R&H)), standard error (SE) for FIS estimates and the associated 
p-value are included. ‘*’ indicates significance at p<0.05 and ‘*^’ indicates significance at p<0.05 with sequential Bonferroni 
correction
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APPENDIX B 
 
PEDIGREE VISUALIZATIONS 
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Figure B.1: 2013 full pedigree results. Purple lines indicate females and green lines 
indicate males. Offspring are connected to parent pairs through intersection of these lines. 
Each horizontal tier indicates a different transfer day (1, 11, 20, and 22a), with the lowest 
line showing the offspring (F1). aThe fifth transfer date in 2013 is not represented in this 
pedigree because none of those fish were assigned offspring.    
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Figure B.2: 2014 full pedigree results. Purple lines indicate females and green lines 
indicate males. Offspring are connected to parent pairs through intersection of these lines. 
Each horizontal tier indicates a different transfer day (1, 17, 24, and 31), with the lowest 
line showing the offspring (F1). 
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Figure B.3: 2014 full pedigree results. Purple lines indicate females and green lines 
indicate males. Offspring are connected to parent pairs through intersection of these lines. 
Each horizontal tier indicates a different transfer day (1, 2, and 7), with the lowest line 
showing the offspring (F1). 
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Figure B.4: Offspring and mate information for male PR14039 from 2014. The green 
lines indicate the male and the purple lines indicate each female mate. Numbers under 
individual ID’s indicate transfer dates, with 32 indicating the F1 generation. This male 
arrived at during the first transfer event and mated with multiple females from different 
transfer events, which suggests she remained in the spawning ground for at least 17 days. 
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Figure B.5: Offspring and mate information for female PR14028 from 2014. The purple 
lines indicate the female and the green lines indicate each male mate. Numbers under 
individual ID’s indicate transfer dates, with 32 indicating the F1 generation. This female 
arrived at during the first transfer event and mated with multiple males from different 
transfer events, which suggests she remained in the spawning ground for at least 24 days. 
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APPENDIX C 
PRE- AND POST-SURVEYS  
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C.1: Pre-survey: 
 
Self-Generated Code: To keep your individual survey responses confidential, we will 
separate your identifying information from this form. We will use the self-generated 
unique identifier below to connect your post-surveys to your pre-survey. Please generate 
an identifier below. After surveys are completed and connected, the self-generated unique 
identifiers will be replaced with computer generated unique identifiers. All identifying 
individual information will be kept in a locked computer in a locked office and will only 
be accessible to trained personnel. All results will be reported in aggregate; we will not 
report individual results. 
 
Please add the following information for your self-generated code: 
 
First two letters of your first name __ __  
Birthday (ie. February 21 = 21, February 7 = 07)__ __  
Last two letters of your last name: __ __  
Birth month (ie. February 11 = 02, December 12 = 12): __ __  
 
 
CODE:  _____  _____  _____  _____  _____  _____  _____  _____  
  First two 
letters of 
  
 
Birthday First two 
letters of 
  
 
Birth 
month 
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Please enter the 8 digit code generated on the previous page:  
________________________ 
 
How many years have you participated as a herring counter in the MyRWA river herring 
count program?  
___1 (this is the first year)                                                                                                                                                                                                                                                                                                                                                                              
___2  
___3  
 
How many times do you intend to count each week? _______  
 
On average, how long does it take you to get to the dam for your counting session?  
  _________ minutes 
 
Will you be counting by yourself, or with others? Who will be joining you?  
___By myself  
___With others (Who?)______________________________________________  
 
Other than the herring count, are you currently involved in other citizen science or 
environmental volunteer programs?  
___No  
___Yes  
If yes, please list other volunteer programs here:  
  
 
Other than the herring count, have you previously been involved in other citizen science 
or environmental volunteer programs?  
___No  
___Yes  
If yes, please list other volunteer programs here:  
 
 
Do you intend to participate in any other citizen science or environmental volunteer 
programs over the next year?  
___No  
___Maybe 
___Yes  
If yes or maybe, list other citizen science or environmental volunteer programs here: 
 
 
Are you involved in any non-science related volunteer programs (e.g., volunteering at an 
animal shelter or food kitchen)?  
___No  
___Yes  
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If yes, please list other volunteer programs here  
 
 
Listed below are five statements regarding the relationship between humans and the 
environment. Please indicate how much you agree or disagree with each statement by 
checking the appropriate box below. 
 
 Strongly 
disagree 
Somewhat 
disagree 
Mildly 
disagree 
Mildly 
agree 
Somewhat 
agree 
Strongly 
agree 
I often feel a 
strong connection 
to nature. 
      
I think of nature 
as a family I 
belong to. 
      
I feel that all living 
things in this 
world are 
connected, and I 
am a part of that.  
      
I see myself as 
part of the 
greater circle of 
life.  
      
Like the trees in 
the forest, I feel I 
belong to nature.  
      
 
Listed below are three statements about the river herring. Please indicate how much 
you agree or disagree with each statement by checking the appropriate box below. 
 
 Strongly 
disagree 
Somewhat 
disagree 
Mildly 
disagree 
Mildly 
agree 
Somewhat 
agree 
Strongly 
agree 
River herring 
populations are 
healthy.  
      
River herring are 
important to the 
local food web.  
      
Dams cause 
problems for river 
herring migration.   
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Do you live near a lake, river, or other water body? If so, which one?  
___No  
___Yes  
       If yes, which one?_________________________________ 
 
Approximately, how often do you participate in outdoor recreational activities?  
 
___Never 
___Less than once a month 
 
___Once a month 
___2-3 times a month 
___Once a week 
___2-3 times a week 
___Daily  
 
Do you have a property with a lawn that you are responsible for maintaining?  
 
___No. If no, please skip to question 20 on the next page. 
___Yes. If yes, please continue to the next question below.  
 
How do you manage your lawn care?  
___I do not care for my lawn.  
___I do all maintenance myself. 
___I hire another party to do maintenance. 
 If so, please provide the name of the party you hire:  
 
 
 
How often do you water your lawn in summer? 
___Never 
___Less than once a month 
 
___Once a month 
___2-3 times a month 
___Once a week 
___2-3 times a week 
___Daily  
 
 
 
How often do you use fertilizers or pesticides on your lawn?  
___Never. I do not fertilize my lawn.  
___1-2 times per year  
___3-4 times per year  
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___Over 4 times per year  
 
What type of pesticides or fertilizers do you use on your lawn? Please check all that 
apply. 
___Organic  
___Inorganic  
___I don’t know  
___I don’t use any pesticides or fertilizers  
 
When purchasing pesticides or fertilizers, what factors do you consider? Please check all 
that apply.  
___Price  
___Nutrient content  
___Composition  
___Performance  
___Environmental impact  
 
___I do not use fertilizers  
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Please indicate how much you agree or disagree with each statement by checking the 
appropriate box below.  
 
 Strongly 
disagree 
Somewhat 
disagree 
Mildly 
disagree 
Mildly 
agree 
Somewhat 
agree 
Strongly 
agree 
When making 
landscaping 
choices, 
landowners should 
consider their 
environmental 
impact.  
      
I am concerned 
about water 
resources in 
Massachusetts. 
      
Using pesticides 
and fertilizers on 
private property 
does not influence 
anyone else. 
      
Protecting river 
herring could 
influence the food 
choices available to 
me now and in the 
future. 
      
Protecting river 
herring is important 
because 
recreational 
fishermen can use 
them as bait.   
      
My daily actions 
could influence 
river herring 
populations. 
      
River herring are 
important to the 
New England 
economy. 
      
I am involved in 
helping collect 
valuable 
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environmental 
data. 
Data collected in 
this project will 
help inform 
environmental 
policies. 
      
Preserving river 
herring is important 
to food security. 
      
 
 
 
Please indicate how much you agree or disagree with each statement by checking the 
appropriate box below.  
 
 Strongly 
disagree 
Somewhat 
disagree 
Mildly 
disagree 
Mildly 
agree 
Somewhat 
agree 
Strongly 
agree 
My individual 
behaviors have a 
public impact. 
      
My private 
behaviors and 
activities have a 
global impact. 
      
Creating a 
sustainable 
future is not my 
responsibility. 
      
It is not 
important for me 
to know about 
science in my 
daily life. 
      
I feel a growing 
obligation to 
improve the 
environment’s 
health. 
      
Scientific 
research is 
essential for 
improving the 
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quality of human 
lives. 
Scientific 
research has 
created as many 
problems for 
society as it has 
solutions. 
      
Science is part of 
my daily life 
      
Climate change 
will influence my 
way of life.  
      
Climate change 
will influence 
other people in 
the world.  
      
Climate change 
will influence the 
next generation.  
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Please indicate how often, if at all, you intend to perform the following behaviors over 
the next three months:  
 
 Never Infrequently Once 
in a 
while 
Sometimes Often Very 
often 
 N/A 
Talk to others 
(e.g., family, 
friends, 
neighbors, 
colleagues) about 
science and the 
environment.  
        
Read science or 
environment 
related articles. 
        
Attend events to 
voice my support 
for water 
conservation.  
        
Buy seafood that 
is rated 
“sustainable,”” 
even if it costs 
more. 
        
Buy “green” 
detergents and 
cleaning products, 
even if they cost 
more.  
        
Buy “green” 
fertilizer or 
pesticide products 
even if they cost 
more. 
        
Recycle 
household items. 
        
Bring reusable 
bags to the 
grocery store. 
        
Chose an 
alternative 
method of 
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transportation 
(biking, public 
transit, walking) 
over driving. 
Compost 
household waste.  
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Do you purchase seafood to prepare at home?  
___No. If no please skip to question 26 on the next page. 
___Yes. If yes, please continue to the next question below.  
 
Please indicate the level of importance of the following factors when you purchase 
seafood to prepare at home.  
 
 Not 
important 
Not very 
important 
A little bit 
important 
Somewhat 
important 
Very 
important 
Nutritional Quality      
Cost      
Freshness      
Sustainability rating      
Responsible farming 
or fishing practices 
     
Type       
 
Which types of seafood are you most likely to purchase to prepare at home? Please 
check all that apply. 
___Cod  
___Salmon (Farm raised)  
___Salmon (Pacific wild)  
___Tuna  
___Halibut  
___Tilapia  
___Atlantic Herring  
___Lobster  
___Striped Bass/Rockfish/Rock Bass  
___Haddock 
___Pollock 
___Scrod 
___Shrimp 
___Other  
(Please describe): ________________________
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Do you purchase seafood at restaurants?  
___No. If no please skip to question 29 on the next page.  
___Yes. If yes, please continue to the next question below.  
 
 
Please indicate the level of importance of the following factors when you order seafood 
at a restaurant:  
 Not 
important 
Not very 
important 
A little bit 
important 
Somewhat 
important 
Very 
important 
Nutritional Quality      
Cost      
Freshness      
Sustainability rating      
Responsible farming 
or fishing practices 
     
Type       
 
 
Which types of seafood are you most likely to purchase at a restaurant? Please check all 
that apply. 
___Cod  
___Salmon (Farm raised)  
___Salmon (Pacific wild)  
___Tuna  
___Halibut  
___Tilapia  
___Atlantic Herring  
___Lobster  
___Striped Bass/Rockfish/Rock Bass  
___Haddock 
___Pollock 
___Scrod 
___Shrimp 
___Other  
(Please describe): ___________________
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Do you fish recreationally?  
___No. If no, please skip to question 32, on this page.  
___Yes. If yes, please continue to the next question below.   
 
What do you do with fish that you catch? Please check all that apply.  
___Catch and release 
___Keep for consumption 
___Other (Please describe):___________________ 
 
 
Do you fish for striped bass?  
___No 
___Yes  
 
 
What are you hoping to get out of your experience as a Herring Monitor?  Please check all that apply. 
___Learn more about the environment  
___Meet other people who are interested in the environment  
___Spend time in nature 
___Support local science efforts  
___Get involved in more MyRWA activities  
___Spend time with my family  
___Gain new skills 
___Complete volunteer hours  
___Other (Please describe): _______________________ 
 
In a few words, please describe why you are participating in MyRWA’s Herring Monitoring Program.  
____________________________________________________________________________________
____________________________________________________________________________________
__________________________________________________________________ 
____________________________________________________________________________________
____________________________________________________________________________________
____________________________________________________________________________________
________________________________ 
 
 
Please complete the final questions on the back of this sheet. Thank you! 
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Demographic information: 
 
Please select your age group.  
___18-24 years old  
___25-34 years old  
___35-44 years old  
___45-54 years old  
___55-64 years old  
___65-74 years old  
___75 years or older 
 
Education: What is the highest degree or level of school you have completed?  
___8th grade or lower  
___Some high school  
___Some college  
 
___Trade/technical/vocational training  
___Associate degree or Professional Degree  
___Bachelor’s degree  
___Master’s degree  
___Doctorate degree 
___Prefer not to respond  
 
Have you completed any college level science courses (e.g., college Chemistry or Biology)?  
___No 
___Yes 
 
 
If so, please describe:  
 
 
What is your gender? 
 
__________________________ 
 
Thanks so much for completing our survey! Please let us know if you have any additional 
comments or feedback using the space below.  
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C.2: Post-survey 
 
Self-Generated Code: To keep your individual survey responses confidential, we will separate your 
identifying information from this form. We will use the self-generated unique identifier below to 
connect your post-surveys to your pre-survey. Please generate an identifier below. After surveys are 
completed and connected, the self-generated unique identifiers will be replaced with computer 
generated unique identifiers. All identifying individual information will be kept in a locked computer in 
a locked office and will only be accessible to trained personnel. All results will be reported in 
aggregate; we will not report individual results. 
 
Please add the following information for your self-generated code: 
 
First two letters of your first name __ __  
Birthday (ie. February 21 = 21, February 7 = 07)__ __  
Last two letters of your last name: __ __  
Birth month (ie. February 11 = 02, December 12 = 12): __ __  
 
 
CODE:  _____  _____  _____  _____  _____  _____  _____  _____  
  First two 
letters of 
  
 
Birthday Last two 
letters of 
  
 
Birth 
month 
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Please enter the 8 digit code generated on the previous page:  
________________________ 
 
How many times did you count fish each week? __________ 
 
Other than the herring count, are you currently involved in other citizen science or environmental 
volunteer programs?  
___No  
___Yes  
If yes, please list other volunteer programs here:  
  
 
Other than the herring count, have you previously been involved in other citizen science or 
environmental volunteer programs?  
___No  
___Yes  
If yes, please list other volunteer programs here:  
 
 
Do you intend to participate in any other citizen science or environmental volunteer programs over the 
next year?  
___No  
___Maybe 
___Yes  
If yes or maybe, please list any citizen science or environmental volunteer programs that you intend to 
participate in over the next year: 
 
 
Are you currently involved in any non-science related volunteer programs (e.g., volunteering at an 
animal shelter or food kitchen)?  
___No  
___Yes  
 
If yes, please list other volunteer programs here  
 
 
 
 
 
 
 
Listed below are five statements regarding the relationship between humans and the environment. Please 
indicate how much you agree or disagree with each statement by checking the appropriate box.  
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 Strongly 
disagree 
Somewhat 
disagree 
Mildly 
disagree 
Mildly 
agree 
Somewhat 
agree 
Strongly 
agree 
I often feel a strong 
connection to nature. 
      
I think of nature as a family 
I belong to. 
      
I feel that all living things 
in this world are 
connected, and I am a part 
of that.  
      
I see myself as part of the 
greater circle of life.  
      
Like the trees in the forest, 
I feel I belong to nature.  
      
 
Listed below are three statements about river herring. Please indicate how much you agree or disagree 
with each statement by checking the appropriate boxed below. 
 
 Strongly 
disagree 
Somewhat 
disagree 
Mildly 
disagree 
Mildly 
agree 
Somewhat 
agree 
Strongly 
agree 
River herring 
populations are healthy.  
      
River herring are 
important to the local 
food web.  
      
Dams cause problems 
for river herring 
migration.   
      
 
Do you live near a lake, river, or other water body? If so, which one?  
___No  
___Yes  
       If yes, which one?_________________________________ 
 
 
 
Approximately, how often do you participate in outdoor recreational activities?  
 
___Never 
___Less than once a month 
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___Once a month 
___2-3 times a month 
___Once a week 
___2-3 times a week 
___Daily  
 
Lawn care 
Do you have a property with a lawn that you are responsible for maintaining?  
 
___No. If no, please skip to question 18 on the next page. 
___Yes. If yes, please continue to question 13 below.  
 
How do you manage your lawn care?  
___I do not care for my lawn.  
___I do all maintenance myself. 
___I hire another party to do maintenance.  
 
 
How often do you water your lawn in summer? 
___Never 
___Less than once a month 
 
___Once a month 
___2-3 times a month 
___Once a week 
___2-3 times a week 
___Daily  
 
 
 
How often do you use fertilizers or pesticides on your lawn?  
___Never. I do not use fertilizers or pesticides  on my lawn. (If you do not use fertilizers or pesticides 
on your lawn please skip to question 17) 
___1-2 times per year  
___3-4 times per year  
___Over 4 times per year  
 
What type of pesticides or fertilizers do you use on your lawn? Please check all that apply. 
___Organic  
___Inorganic  
___I don’t know  
___I do not use fertilizers or pesticides on my lawn   
 
When purchasing pesticides or fertilizers, what factors do you consider? Please check all that apply.  
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___Price  
___Nutrient content  
___Composition  
___Performance  
___Environmental impact  
 
___I do not use fertilizers or pesticides on my lawn  
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Please indicate how much you agree or disagree with each statement by checking the appropriate box 
below.  
 
 Strongly 
disagree 
Somewhat 
disagree 
Mildly 
disagree 
Mildly 
agree 
Somewhat 
agree 
Strongly 
agree 
When making 
landscaping choices, 
landowners should 
consider their 
environmental impact.  
      
I am not concerned 
about water resources in 
Massachusetts. 
      
Using pesticides and 
fertilizers on private 
property does not 
influence anyone else. 
      
Preserving river herring 
could influence the food 
choices available to me 
now and in the future. 
      
Preserving river herring is 
important because 
recreational fishermen 
can use them as bait.   
      
My daily actions could 
influence river herring 
populations. 
      
River herring are 
important to the New 
England economy. 
      
I am involved in helping 
collect valuable 
environmental data. 
      
Data collected in this 
project will help inform 
environmental policies. 
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Preserving river herring is 
important to food 
security. 
      
 
 
Please indicate how much you agree or disagree with each statement by checking the appropriate box 
below.  
 
 Strongly 
disagree 
Somewhat 
disagree 
Mildly 
disagree 
Mildly 
agree 
Somewhat 
agree 
Strongly 
agree 
My individual behaviors 
have a public impact. 
      
My private behaviors and 
activities have a global 
impact. 
      
Creating a sustainable 
future is not my 
responsibility. 
      
It is not important for me 
to know about science in 
my daily life. 
      
I feel a growing obligation 
to improve the 
environment’s health. 
      
Scientific research is 
essential for improving 
the quality of human lives. 
      
Scientific research has 
created as many problems 
for society as it has 
solutions. 
      
Science is part of my daily 
life 
      
Climate change will 
influence my way of life.  
      
Please indicate how often, if at all, you intend to perform the following behaviors over the next three 
months:  
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 Never Infrequently Once in a 
while 
Sometimes Often Very 
Often  
 NA 
Talk to others (e.g., family, 
friends, neighbors, 
colleagues) about science 
and the environment.  
        
Read science or 
environment related 
articles. 
        
Attend events to voice my 
support for water 
conservation.  
        
Buy seafood that is rated 
“sustainable,”” even if it 
costs more. 
        
Buy “green” detergents 
and cleaning products, 
even if they cost more.  
        
Buy “green” fertilizer or 
pesticide products even if 
they cost more. 
        
Recycle household items.         
Bring reusable bags to the 
grocery store. 
        
Chose an alternative 
method of transportation 
(biking, public transit, 
walking) over driving. 
        
Compost household 
waste.  
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Do you purchase seafood to prepare at home?  
___No. If no please skip to question 24 on the next page. 
___Yes. If yes, please continue to question 21 below.  
 
Please indicate the level of importance of the following factors when you purchase 
seafood to prepare at home.  
 
 Not 
important 
Not very 
important 
A little bit 
important 
Somewhat 
important 
Very 
important 
Nutritional Quality      
Cost      
Freshness      
Sustainability rating      
Responsible farming 
or fishing practices 
     
Type       
 
Which types of seafood are you most likely to purchase to prepare at home? Please 
check all that apply. 
___Cod  
___Salmon (Farm raised)  
___Salmon (Pacific wild)  
___Tuna  
___Halibut  
___Tilapia  
___Atlantic Herring  
___Lobster  
___Striped Bass/Rockfish/Rock Bass  
___Haddock 
___Pollock 
___Scrod 
___Shrimp 
___Other. Please specify: ________________________________________
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Do you purchase seafood at restaurants?  
___No. If no please skip to question 27 on the next page.  
___Yes. If yes, please continue to question 24.  
 
 
Please indicate the level of importance of the following factors when you order seafood 
at a restaurant:  
 Not 
important 
Not very 
important 
A little bit 
important 
Somewhat 
important 
Very 
important 
Nutritional 
Quality 
     
Cost      
Freshness      
Sustainability 
rating 
     
Responsible 
farming or fishing 
practices 
     
Species      
 
 
Which types of seafood are you most likely to purchase at a restaurant (circle all that 
apply)  
___Cod  
___Salmon (Farm raised)  
___Salmon (Pacific wild)  
___Tuna  
___Halibut  
___Tilapia  
___Atlantic Herring  
___Lobster  
___Striped Bass/Rockfish/Rock Bass  
___Haddock 
___Pollock 
___Scrod 
___Shrimp 
___Other
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Do you fish recreationally?  
___No. If no, please skip to question 28, on this page.  
___Yes. If yes, please continue to question 27.  
 
What do you do with fish that you catch? Please check all that apply.  
___Catch and release 
___Keep for consumption 
___Other (Please describe):___________________ 
 
 
Do you fish for striped bass?  
___No 
___Yes  
 
 
What did you get out of your experience as a Herring Monitor?  Please check all that 
apply. 
___Learned more about the environment  
___Met other people who are interested in the environment  
___Spent time in nature 
___Supported local science efforts  
___Got involved in more MyRWA activities  
___Spent time with my family  
___Gained new skills 
___Completed volunteer hours  
___Other (please describe): __________________________ 
 
In a few words, please describe the best parts of your experience participating in 
MyRWA’s Herring Monitoring Program.  
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
__________________ 
________________________________________________________________________
______ 
 
In a few words, please describe the things you would like to change about MyRWA’s 
Herring Monitoring Program.  
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
__________________ 
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________________________________________________________________________
______ 
Do you plan to be a counter next year? 
__No 
__Maybe 
__Yes 
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APPENDIX D 
COMPARISON OF NEW AND RETURNING COUNTERS 
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Table D.1: Demographic information for new and returning counters including results of 
chi-square test comparison.  
Variable Levels 
  New counters       
(n=14) 
  Returning 
counters (n=15) 
  Comparison of New and 
Returning 
counters    
  Number Percent   Number Percent   χ² P 
Gender 
Male   8 57   5 33   
6.44 0.040* Female  5 36  10 67  
Unlisted   1 7   0 0   
Age 
18-24   2 14   0 0   
13.82 0.017* 
25-34  0 0  0 0  
35-44  5 37  2 13  
45-54  2 14  3 20  
55-64  2 14  5 33  
65-74  2 14  5 33  
75 +  0 0  0 0  
Declined   1 7   0 0   
Education 
8th grade or 
lower   0 0   0 0   
5.121 0.163 
Some high 
school  0 0  0 0  
Some college  0 0  0 0  
Trade/technical   0 0  0 0  
Assoc. / Prof. 
degree  0 0  1 7  
Bachelor’s 
degree  6 43  6 40  
Master’s 
degree  3 21  6 40  
Doctorate 
degree  4 29  2 13  
Prefer not to 
respond   1 7   0 0   
College 
level 
science 
exposure 
None   2 14   2 13   
0.95 0.917 
Non-biology 
science courses  3 21  3 20  
Biology 
courses  6 43  5 34  
BSc. in science  2 14  3 20  
Graduate 
degree in 
biology 
  1 7   2 13   
*** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05, ^ indicates P < 0.10 
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Table D.2: Changes in participant science perceptions and attitudes for new and returning counters including mean scores before and 
after the program, the number of individuals who had an increase in scores (↑), the number of individuals who had a decrease in scores 
(↓), and the results of a paired t-test. Participants rated their agreement with each statement related science on a scale of 1 to 6 (1= 
strongly disagree, 2 = somewhat disagree, 3 = mildly disagree, 4 = mildly agree, 5 = somewhat agree, 6 = strongly agree). 
 
 
New counters (n = 14) 
 
Returning counters (n = 15) 
 
Comparison 
of new and 
returning 
counters 
 Mean ↑ ↓       Mean ↑ ↓       
 Pre Post # (%) # (%) t P d  Pre Post # (%) # (%) t P d  t P 
1. Science is 
a part of my 
daily life 
5.4 5.4 2 (14%) 
2 
(14%) 0.00 1.000 0.000  4.9 5 
4 
(27%) 
5 
(33%) 0.32 0.751 0.084  0.26 0.795 
2. It is not 
important for 
me to know 
about 
science in my 
daily life 
1.4 1.8 0  (0%) 
3 
(21%) 1.06 0.165 0.393  1.8 1.6 
1  
(7%) 
0 
(0%) 1.00 0.334 0.258  1.78 0.088^ 
3. Science 
has created 
as many 
problems for 
society as it 
has solutions 
2.7 2.7 4 (29%) 
6 
(43%) 0.00 1.000 0.000  2.3 2.1 
3 
(21%) 
3 
(21%) 0.72 0.486 0.185  0.31 0.764 
4. Scientific 
research is 
essential for 
improving 
the quality of 
human lives. 
5.7 5.9 2 (13%) 
4 
(29%) 0.81 0.435 0.215  5.9 5.8 
1  
(7%) 
1 
(7%) 0.43 0.670 0.112  0.89 0.379 
*** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05, ^ indicates P < 0.10 
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Table D.3: Changes in participant interest in and participation in citizen science programs for new and returning counters, including 
“yes”, “no”, and “maybe” answers as well as results of chi-square tests for each group, and a t-test of differences.  
 
 
New counters (n=14)  Returning counters (n=15)  
Comparison between 
new and returning 
counters 
 #Yes #Maybe #No    # Yes # Maybe # No      
 Pre Post Pre Post Pre Post X2 P  Pre Post Pre Post Pre Post X2 P  t P 
1. Other than 
the herring 
count, are you 
currently 
involved in 
other citizen 
science or 
environmental 
volunteer 
programs? 
4 7 NA NA 10 7 3.15 0.076^  7 8 NA NA 8 7 5.53 0.041*  1.88 0.082^ 
2. Do you 
intend to 
participate in 
other citizen 
science or 
environmental 
programs? 
4 8 8 4 2 2 6.56 0.238  5 8 6 5 4 2 10.23 0.022*  1.75 0.104 
3. Are you 
involved in any 
non-science 
related 
volunteer 
programs? 
7 5 NA NA 7 9 2.80 0.266   7 7 NA NA 8 8 0.00 1.000   1.00 0.336 
*** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05, ^ indicates P < 0. 
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Table D.4: Changes in perceptions of scientific contribution for new and returning counters, including mean scores before and after 
the program, the number of individuals who had an increase in scores (↑), the number of individuals who had a decrease in scores (↓), 
the results of a paired t-test for each group, and results of a t-test of differences comparing new and returning counters.  Participants 
rated their agreement with each statement about their scientific contribution on a scale of 1 to 6 (1= strongly disagree, 2 = somewhat 
disagree, 3 = mildly disagree, 4 = mildly agree, 5 = somewhat agree, 6 = strongly agree).  
 
 New counters (n=14) 
 
Returning counters (n=15) 
 
Comparison 
between new and 
returning counters 
Statement Mean ↑ ↓     Mean ↑ ↓       
  Pre Post # (%) # (%) t p d   Pre Post # (%) # (%) t p d   t p 
1. I am 
involved in 
helping collect 
valuable 
environmental 
data. 
5.6 5.8 3 (21%) 
3 
(21%) 0.617 0.549 0.277  5.7 5.4 
0  
(0%) 
4 
(27%) 2.256 0.041* 0.583  1.524 0.146 
2. Data 
collected in 
this project 
will help 
inform 
environmental 
policies. 
5.5 5.8 4 (29%) 
1 
(7%) 1.389 0.19 0.385  5.5 5.7 
2 
(13%) 
0 
(0%) 1.468 0.164 0.379  0.54 0.668 
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Table D.5: Participants rated their agreement with each statement about river herring ecology on of 1 to 6 (1= strongly 
disagree, 2 = somewhat disagree, 3 = mildly disagree, 4 = mildly agree, 5 = somewhat agree, 6 = strongly agree). The table 
contains mean scores before and after the program, the number of individuals who had an increase in scores (↑), the number of 
individuals who had a decrease in scores (↓),  the results of a paired t-test, and the results of a t-test of differences comparing 
changes for new and returning counters.  
 
 
New counters (n = 14) 
 Returning counters (n = 15)  
Comparison 
between new 
and returning 
counters 
  Mean ↑ ↓     Mean ↑ ↓       
  Pre Post # (%) # (%) t P d   Pre Post # (%) # (%) t P d   t P 
1. River 
herring 
populations 
are healthy. 
2.4 2.7 5(36%) 2(14%) 1.00 0.336 0.267  2.7 3.3 7(47%) 2(13%) 1.74 0.104 0.449  0.591 0.560 
2. River 
herring are 
important to 
the local 
food web. 
5.6 5.9 5(36%) 0(0%) 2.69 0.019* 0.872  5.4 5.6 2(13%) 3(20%) 0.54 0.595 0.189  0.402 0.693 
3. Dams 
cause 
problems for 
river herring 
migration.  
5.7 5.9 3(21%) 1(7%) 1.00 0.336 0.284  5.5 5.9 3(20%) 1(7%) 1.15 0.271 0.419  0.682 0.504 
*** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05, ^ indicates P < 0. 
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Table D.6: Changes in participant connectedness to nature based on “Connectedness to Nature (CNS) Scale including mean 
scores before and after the program, the number of individuals who had an increase in scores (↑), the number of individuals 
who had a decrease in scores (↓), the results of a paired t-test for each group, and results of a t-test of differences comparing 
new and returning counters. Participants rated their agreement with each statement related science on a scale of 1 to 6 (1= 
strongly disagree, 2 = somewhat disagree, 3 = mildly disagree, 4 = mildly agree, 5 = somewhat agree, 6 = strongly agree). 
 
  
New counters (n=14)  
 
Returning counters (n=15)  
Comparison 
between 
new and 
returning 
counters 
  Mean  ↑ ↓         Mean ↑ ↓            
  Pre Post # (%) # (%) t P d   Pre Post # (%) # (%) t P d   t P 
1. I often feel a 
strong connection 
to nature. 
5.7 5.7 1 (7%) 
2 
(14%) 0.00 1.000 0.000  5.2 5.7 
5 
(33%) 
0 
(0%) 1.95 0.072^ 0.503  1.62 0.118 
2 .I think of nature 
as a family I 
belong to.  
4.8 5.1 2 (14%) 
2 
(14%) 0.84 0.414 0.226  4.5 5.4 
7 
(47%) 
1 
(7%) 2.36 0.034* 0.609  1.24 0.225 
3. I feel that all 
living things in 
this world are 
connected, and I 
am a part of that. 
5.6 5.5 0 (0%) 
1 
(7%) 1.00 0.336 0.267  5.1 5.7 
3 
(20%) 
1 
(7%) 1.66 0.120 0.428  1.84 0.086^ 
4. I see myself as a 
part of the greater 
circle of life. 
5.5 5.4 1 (7%) 
2 
(14%) 0.81 0.435 0.215  5.2 5.5 
4 
(27%) 
2 
(13%) 1.10 0.291 0.284  1.36 0.189 
5. Like the trees in 
the forest, I feel I 
belong to nature.  
5.6 5.4 1 (7%) 
3 
(21%) 1.00 0.336 0.267  4.7 5.3 
5 
(33%) 
1 
(7%) 1.66 0.120 0.427  1.91 0.073^ 
6. CNS Averages 5.4 5.4 2 (14%) 
4 
(28%) 0.15 0.883 0.040   4.9 5.5 
8 
(53%) 
1 
(7%) 1.99 0.070^ 0.508   1.05 0.358 
*** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05, ^ indicates P < 0.
  
 
 
143 
Table D.7: Changes in participant environmental attitudes related to individual agency, including mean scores before and after 
the program, the number of individuals who had an increase (↑) or a decrease in scores (↓), and the results of paired t-tests for 
each group and a t-test of differences comparing new and returning counters. Participants statements on a scale of 1 to 6 (1= 
strongly disagree, 2 = somewhat disagree, 3 = mildly disagree, 4 = mildly agree, 5 = somewhat agree, 6 = strongly agree). 
 
 
New counters (n= 14)  Returning counters (n=15)  
Comparison 
of new and 
returning 
counters 
 Mean ↑ ↓     Mean ↑ ↓       
 Pre Post # (%) # (%) t P d  Pre Post # (%) # (%) t P d  t  P 
1. My individual 
behaviors have a 
public impact. 
5.5 5.6 3 (21%) 
2 
(13%) 0.43 0.671 0.122  5.5 5.4 
2 
(13%) 
3 
(20%) 0.43 0.670 0.097  0.61 0.544 
2. My private 
behaviors and 
activities have a 
global impact. 
5.3 5.3 3 (21%) 
2 
(13%) 0.00 1.000 0.000  5.2 5.1 
2 
(13%) 
2 
(13%) 0.69 0.499 0.169  0.47 0.643 
3. Creating a 
sustainable future 
is not my 
responsibility 
1.4 1.4 3 (21%) 
2 
(13%) 0.43 0.671 0.124  1.2 1.3 
3 
(20%) 
1 
(7%) 1.00 0.334 0.295  0.29 0.772 
4. I feel a growing 
obligation to 
improve the 
environment’s 
health. 
5.5 5.4 3 (21%) 
3 
(21%) 0.32 0.753 0.099  5.4 5.5 
1 
(7%) 
2 
(13%) 0.56 0.582 0.115  0.54 0.597 
*** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05, ^ indicates P < 0. 
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Table D.8: Changes in participant environmental attitudes related to landscaping, including mean scores before and after the 
program, the number of individuals who had an increase (↑) or a decrease in scores (↓), and the results of paired t-tests for each 
group and a t-test of differences comparing new and returning counters. Participants statements on a scale of 1 to 6 (1= 
strongly disagree, 2 = somewhat disagree, 3 = mildly disagree, 4 = mildly agree, 5 = somewhat agree, 6 = strongly agree). 
 
 
New counters (n= 14)  Returning counters (n=15)  
Comparison 
of new and 
returning 
counters 
 
 Mean ↑ ↓     Mean ↑ ↓        
 Pre Post # (%) # (%) t P d  Pre Post # (%) # (%) t P d  t  P  
1. When making 
landscaping 
choices, 
landowners should 
consider their 
environmental 
impact. 
5.8 5.5 0 (0%) 
4 
(29%) 2.31 0.040* 0.549  5.5 5.8 
1 
(7%) 
1 
(7%) 0.77 0.452 0.276  1.55 0.137 
 
2. Using pesticides 
and fertilizers on 
private property 
does not influence 
anyone else. 
1.5 1.1 0 (0%) 
3 
(21%) 1.47 0.165 0.539  1.1 1.3 
3 
(20%) 
1 
(7%) 1.15 0.271 0.437  1.85 0.078^ 
 
3. I am not 
concerned about 
water resources in 
Massachusetts.  
2.3 1.8 4 (29%) 
2 
(13%) 1.10 0.291 0.326  1.9 1.5 
3 
(20%) 
4 
(27%) 1.13 0.277 0.408  0.05 0.957 
 
*** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05, ^ indicates P < 0.
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Table D.9: Changes in participant environmental attitudes related to river herring, including mean scores before and after the 
program, the number of individuals who had an increase (↑) or a decrease in scores (↓), and the results of paired t-tests for each 
group and a t-test of differences comparing new and returning counters. Participants statements on a scale of 1 to 6 (1= 
strongly disagree, 2 = somewhat disagree, 3 = mildly disagree, 4 = mildly agree, 5 = somewhat agree, 6 = strongly agree). 
 
 
New counters (n= 14)  Returning counters (n= 15)  
Comparison 
of new and 
returning 
counters 
 Mean ↑ ↓     Mean ↑ ↓       
 Pre Post # (%) # (%) t P d  Pre Post # (%) # (%) t P d  t  P 
1. Preserving river 
herring could 
influence food 
choices available to 
me now and in the 
future. 
5.1 5.1 4 (29%) 
2 
(14%) 1.08 0.303 0.285  5.1 5.3 
5 
(33%) 
1 
(7%) 1.74 0.104 0.330  0.13 0.901 
2. Preserving river 
herring is important 
because 
recreational 
fishermen can use 
them as bait. 
3.5 4.2 4 (29%) 
2 
(14%) 2.09 0.059^ 0.670  2.6 2.6 
6 
(40%) 
5 
(33%) 0.12 0.905 0.052  1.28 0.212 
3. My daily actions 
could influence river 
herring populations. 
4.7 5.1 7 (50%) 
2 
(13%) 2.01 0.068 0.459  4.5 4.9 
5 
(33%) 
2 
(13%) 1.32 0.207 0.305  0.56 0.582 
4. River herring are 
important to the 
New England 
economy. 
4.8 5.5 7 (50%) 
1 
(7%) 2.42 0.032* 0.624  5.1 5.1 
3 
(20%) 
1 
(7%) 1.00 0.336 0.175  2.61 0.018* 
5. Preserving river 
herring is important 
to food security. 
5 5.4 5 (36%) 
1 
(7%) 1.81 0.096 0.431  5.1 5.4 
5 
(33%) 
1 
(7%) 1.74 0.104 0.306  0.45 0.657 
*** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05, ^ indicates P < 0.
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Table D.10: Changes in participant environmental behaviors (part 1), including mean scores before and after the program, the 
number of individuals who had an increase (↑) or a decrease in scores (↓), the results of paired t-tests for each group and 
associated Cohen’s d scores, and results of a t-test of differences comparing new and returning counters. Participants 
statements on a scale of 1 to 6 (1 = never, 2 = infrequently, 3 = once in a while, 4 = sometimes, 5 = often, 6 = very often).   
 
 
New counters (n= 14)  Returning counters (n= 15)  
Comparison 
of new and 
returning 
counters 
 Mean ↑ ↓     Mean ↑ ↓       
 Pre Post # (%) # (%) t P d  Pre Post # (%) # (%) t P d  t P 
1. Talk to others 
(e.g., family, friends, 
colleagues) about 
science and the 
environment. 
4.6 4.7 3 (21%) 
3 
(21%) 0.14 0.888 0.025  3.9 3.9 
4 
(27%) 
3 
(20%) 0.00 1.000 0.000  0.11 0.915 
2. Read science or 
environment related 
articles. 
4.6 5.1 3 (21%) 
2 
(14%) 1.55 0.144 0.410  4.6 4.5 
3 
(20%) 
6 
(40%) 0.43 0.670 0.077  1.50 0.147 
3. Attend events to 
voice my support for 
water conservation. 
2.3 3.1 7 (50%) 
4 
(29%) 1.76 0.102 0.689  2.6 2.7 
4 
(27%) 
3 
(20%) 0.41 0.685 0.085  1.18 0.248 
4. Buy seafood that 
is rated 
‘sustainable,’ even if 
it costs more. 
4.2 4 3 (21%) 
0 
(0%) 1.86 
0.089
^ 0.205  4.1 4.1 
3 
(20%) 
4 
(27%) 0.23 0.821 0.055  1.05 0.308 
5. Buy green 
cleaning/detergent 
products even if they 
cost more 
4.2 4.5 7 (50%) 
3 
(21%) 1.30 0.218 0.195  3.6 3.7 
5 
(33%) 
2 
(13%) 0.77 0.453 0.169  0.00 1.000 
*** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05, ^ indicates P < 0. 
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Table D.11: Changes in participant environmental behaviors (part 2), including mean scores before and after the program, the 
number of individuals who had an increase (↑) or a decrease in scores (↓), the results of paired t-tests for each group and 
associated Cohen’s d scores, and results of a t-test of differences comparing new and returning counters. Participants 
statements on a scale of 1 to 6 (1 = never, 2 = infrequently, 3 = once in a while, 4 = sometimes, 5 = often, 6 = very often).   
 
 
New counters (n= 14)  Returning counters (n= 15)  
Comparison 
of new and 
returning 
counters 
 Mean ↑ ↓     Mean ↑ ↓       
 Pre Post # (%) # (%) t P d  Pre Post # (%) # (%) t P d  t P 
6. Recycle 
household items. 5.9 5.9 
0 
(0%) 
1 
(3%) 1.00 0.337 0.233  5.9 5.3 
1 
(7%) 
5 
(33%) 1.46 0.168 0.564  1.27 0.226 
7. Bring reusable 
bags to the grocery 
store. 
5.2 5.4 3 (21%) 
1 
(3%) 1.15 0.275 0.223  5.4 5.6 
2 
(13%) 
3 
(20%) 0.49 0.635 0.141  0.29 0.772 
8. Chose an 
alternative method 
of transportation 
(biking, public 
transit, walking) 
over driving. 
4.4 4.6 4 (29%) 
1 
(3%) 0.90 0.385 0.136  4.6 4.7 
3 
(20%) 
4 
(27%) 0.25 0.806 0.051  0.41 0.683 
9. Compost 
household waste. 3.9 3.5 
2 
(14%) 
2 
(14%) 0.76 0.461 0.112  4.8 4.9 
1 
(7%) 
1 
(7%) 0.00 1.000 0.000  0.71 0.486 
10. Participate in 
outdoor recreation a 4.6 5.5 
7 
(50%) 
3 
(21%) 1.91 
0.078
^ 0.579  5.3 6.3 
7 
(47%) 
0 
(0%) 2.62 
0.020
* 0.889  0.22 0.829 
a For item 11, the scale is 1= never, 2=less than once a month, 3= once a month, 4 = 2-3 times a month, 5 = once a week, 6 = 2-
3 times a week, 7 = daily). 
*** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05, ^ indicates P < 0. 
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Table D.12: Changes in participant preferences for purchasing store-bought seafood, including mean scores before and after the 
program, the number of individuals who had an increase (↑) or a decrease in scores (↓), the results of paired t-tests for each group and 
associated Cohen’s d scores, and results of a t-test of differences comparing new and returning counters. Participants statements on a 
scale of 1 to 6 (1 = never, 2 = infrequently, 3 = once in a while, 4 = sometimes, 5 = often, 6 = very often).  Each aspect was ranked 
from “Not Important” to Very Important” (1= not important, 2 = not very important, 3= a little bit important, 4 = somewhat important, 
5= very important). 
 
Store-bought seafood 
 
New counters ( n = 10)  Returning counters (n = 13)  
Comparison 
of new and 
returning 
counters 
 Mean ↑ ↓     Mean ↑ ↓       
 Pre Post # (%) # (%) t P d  Pre Post # (%) # (%) t P d  t P 
Nutritional 
Quality 4 4.4 
3 
(27%) 
1 
(9%) 1.18 0.272 0.416  4.5 4.3 
1 
(8%) 
3 
(23%) 0.577 0.579 0.246  1.31 0.210 
Cost 3.9 4.2 3 (27%) 
0 
(0%) 2.00 0.081^ 0.632  3.7 3.4 
2 
(15%) 
4 
(31%) 0.890 0.397 0.376  1.57 0.140 
Freshness 4.5 4.7 2 (18%) 
0 
(0%) 1.51 0.169 0.356  4.9 5 
1 
(7%) 
0 
(0%) 1.000 0.343 0.459  0.69 0.503 
Sustainability 
rating 3.7 4.1 
4 
(36%) 
0 
(0%) 2.53 0.035* 0.433  4.2 4 
2 
(15%) 
1 
(8%) 0.363 0.724 0.113  1.75 0.098^ 
Responsible 
farming or 
fishing 
practices 
3.7 4 3 (27%) 
2 
(18%) 0.69 0.512 0.225  4.3 4.3 
2 
(15%) 
2 
(15%) 0.000 1.000 0.000  0.59 0.564 
Type 4.1 4.1 1 (9%) 
1 
(9%) 0.00 1.000 0.000  4.3 4.3 
4 
(31%) 
2 
(15%) 0.559 0.588 0.267  0.50 0.626 
*** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05, ^ indicates P < 0. 
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Table D.13: Changes in participant preferences for purchasing seafood at restaurants, including mean scores before and after the 
program, the number of individuals who had an increase (↑) or a decrease in scores (↓), the results of paired t-tests for each group and 
associated Cohen’s d scores, and results of a t-test of differences comparing new and returning counters. Each aspect was ranked from 
“Not Important” to Very Important” (1= not important, 2 = not very important, 3= a little bit important, 4 = somewhat important, 5= 
very important).  
 
Restaurant seafood 
 
New counters (n =12)  Returning counters (n=15)  
Comparison 
of new and 
returning 
counters 
 Mean       Mean         
 Pre Post # (%) # (%) t P d  Pre Post # (%) # (%) t P d  t P 
Nutritional 
Quality 4 4.2 
2 
(17%) 
2 
(17%) 0.56 0.588 0.175  4 4 
5 
(33%) 
5 
(33%) 0.268 0.793 0.080  0.26 0.796 
Cost 3.7 4 5 (42%) 
2 
(17%) 1.30 0.221 0.501  3.6 3.8 
3 
(20%) 
1 
(7%) 1.147 0.272 0.259  0.45 0.661 
Freshness 4.5 4.6 3 (25%) 
2 
(17%) 0.69 0.506 0.267  4.5 4.7 
4 
(27%) 
0 
(0%) 2.280 0.040* 0.506  0.36 0.727 
Sustainability 
rating 3.8 4 
2 
(17%) 
3 
(25%) 0.52 0.617 0.184  3.8 3.8 
3 
(20%) 
2 
(13%) 0.898 0.387 0.090  0.11 0.912 
Responsible 
farming or 
fishing 
practices 
3.8 3.8 2 (17%) 
2 
(17%) 0.00 1.000 0.000  3.7 4.1 
6 
(40%) 
3 
(20%) 1.472 0.165 0.441  1.23 0.232 
Type 4.2 3.9 3 (25%) 
3 
(25%) 0.23 0.823 0.172  4.5 4.6 
3 
(20%) 
3 
(20%) 0.322 0.752 0.124  0.35 0.730 
*** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05, ^ indicates P < 0.
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Table D.14: Self-assessment for survey respondents following their participation in the program including mean scores, standard 
deviation (SD), and results of a t-test comparing responses from new and returning counters. Participants rated each statement on a 
scale of 1 to 6 (1= strongly disagree, 2 = somewhat disagree, 3 = mildly disagree, 4 = mildly agree, 5 = somewhat agree, 6 = strongly 
agree).  
 
 New counters (n=14)  Returning counters (n=15)  Comparison of new and returning counters 
After participating in the program… Mean SD  Mean SD  t P 
I am more likely to engage in environmentally 
sustainable behaviors. 4.9 1.21 
 
4.6 1.55 
 
0.64 0.528 
I am more interested in outdoor recreation. 4.9 1.51  4.1 1.58  1.38 0.180 
I am more concerned about the sustainability of 
my seafood purchases. 4.9 1.21 
 4.8 1.38  0.29 0.770 
I am more interested in participating in public 
forums about conservation. 4.9 1.39 
 
4.3 1.50 
 
1.11 0.276 
I am more interested in participating in other 
citizen science programs. 5.2 1.48  
 
4.4 1.40 
 
1.52 0.141 
I better understand the role of river herring in 
the ecosystem. 5.7 0.47 
 
5.7 0.49 
 
0.27 0.791 
*** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05, ^ indicates P<0.10
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